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ABSTRACT  
 The La Crescent grape, a cross of St. Pepin and an unnamed Swenson selection (Vitis 
riparia x Muscat Hamburg), is a cold-hardy cultivar gaining popularity throughout the Midwest. 
Due to its recent introduction, there is a considerable amount to be learned about the 
characteristics of wines made from the grape. To investigate the aromas specific to the wine, 
research lots of wine were produced from La Crescent juice contributed by a commercial Iowa 
winery over two vintages (years 1 and 2). Juice and wines were analyzed chemically by HPLC 
and bench-top methods. Descriptive sensory analysis was conducted by a trained sensory panel 
following each vintage. Samples evaluated were dry and off-dry versions of the research La 
Crescent wines, a commercial La Crescent wine from the contributing winery, and a commercial 
Moscato wine, included for comparison. Aroma and flavor attribute intensities were measured 
separately in year 1 and as a combined response for aroma in year 2. Sweetness and acidity were 
also evaluated. Six descriptors were identified in year 1, and 7 in year 2. Grapefruit, lychee, 
pineapple and rose attributes were common to the sensory panels for both vintages. Apricot (year 
1) and peach (year 2) were also useful in describing La Crescent wines however, variations in 
panel make-up or training likely led to their interchangeable in the study. In year 1, grapefruit 
and pineapple were the most intense aromas in all La Crescent wines. In the Moscato wine, rose 
and lychee were the most intense aromas. Grapefruit flavors were more intense in research wines 
than in commercial wines, while apricot flavors were more intense in commercial wines than in 
research wines. Flavor ratings were affected by sweetness and acidity perceptions. In year 2, all 
wines were best characterized by rose and lychee. Principal component analysis (PCA) 
accounted for 59 and 63 percent of the variability in years 1 and 2, respectively. Wines were 
mainly separated by sweetness and acidity on the first principal component. Grapefruit, 
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pineapple, rose and lychee were the most intense aromas/flavors expressed in dry, off-dry and 
commercial La Crescent wines and are important descriptors for these wines. 
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CHAPTER 1. INTRODUCTION 
Grape and Wine Production in the Midwest 
 The Midwest (North Central States) is comprised of 12 states as defined by the federal 
government, including IL, IN, IA, KS, MI, MN, MO, NE, ND, OH, SD and WI. Due to the 
release of new cold-hardy grape varieties such as La Crescent, Marquette, Frontenac and 
Frontenac Gris (University of Minnesota Grapes 2012a), the grape and wine industry in the 
Midwest and Northern states has rapidly expanded over the past 10 to15 years (Pedneault et al. 
2013, Mansfield and Vickers 2009). This is evident due to the number of wineries present in 
these states (Figure 1). Iowa can be used as an example to show the rapid growth. The number of 
wineries in the state reached 74 by 2008, at that time it was a 125 percent increase from 5 years 
prior (MKF Research 2008a). Additionally, the number of vineyards had doubled from 200 to 
400, a 100 percent increase (MKF Research 2008a). Figure 1 shows further growth in Iowa 
wineries from 74 at the time of the study in 2008 to 96 in 2013. These grape varieties, along with 
other private breeder selections and interspecific hybrids, allow grape growing in conditions 
where winter temperatures can drop below -20˚C, thereby excluding the well-known Vitis 
vinifera species due to susceptibility to winter injury.   
 
Figure 1 The number of wineries in each of the Midwestern states (Fisher 2013). 
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 In a survey conducted as part of the Northern Grapes Project, a USDA-funded specialty 
crops research initiative grant project, respondents from 345 vineyards across 13 Midwestern and 
Northern states (CT, IL, IA, MA, MI, MN, ND, NE, NH, NY, SD, VT, and WI) indicated that 
only 5 vineyards were planted before 2002 (Tuck and Gartner 2013a). In a similar report of 199 
wineries surveyed, 40 percent replied that they had entered into business since 2007 (Tuck and 
Gartner 2013b). These statistics, while not exclusive to Midwestern states, give insight into just 
how young the cold-hardy grape and wine industry is and how quickly it has grown. It was also 
estimated through this baseline study that 6000 acres of grapes are planted to cold-hardy varieties 
across the surveyed states (Tuck and Gartner 2013b).  
 An emphasis on tourism and the desire for locally grown products has also fueled the 
industry’s growth. MKF Research LLC, a division of Frank, Rimerman + Co. LLP, CPAs, (St. 
Helena, CA)  has conducted economic impact studies for many states to investigate the 
importance of the wine and grape industry. Studies have been conducted in the Midwestern 
states of IA, IL, MI, MO, and OH as well as CA, NC, NY, PA, TN, TX and WA (MFK Research 
2008a). Some of the highest dollar reported estimates for the impact, in millions of dollars, 
include 789.3 in Michigan (MKF Research 2005), a projected 701.2 in Missouri (MKF Research 
2007), and 582.8 in Ohio (MKF Research 2008b). In Missouri and Michigan, between 5000 and 
6200 full-time jobs were attributed to the industry (MKF Research 2007, MKF Research 2005). 
These reports were considered conservative by the firm. It is apparent that the grape and wine 
industry is having an impact on local economies in the Midwest.  
 
 
 
 
 
3 
 
Grape and Wine Production in Iowa 
 Historically, Iowa ranked 6th nationally in grape production in 1919 and production 
peaked in 1929 when 15.8 million pounds were produced (Pirog 2000). The Concord cultivar 
was the most widely planted (Pirog 2000) for use as wine, juice and jams.  The demise of the 
grape and wine industry in the 1930’s can be attributed to a variety of factors including the use 
and drift of 2,4-D herbicide, increased competition in the marketplace, pest and disease, 
expanded commodity crop and livestock production, and prohibition of alcohol (Pirog 2000).  
 As of 1999, just 2 native Iowa wineries were in business and an estimated 5 wine grape 
vineyards existed (MKF Research 2008a). In the late 1990’s and early 2000’s, interest in grape 
and wine production was renewed  in part due to interest in diversified products (Pirog 2000), 
private initiatives to reestablish the grape industry and introduction of cold-hardy cultivars. As of 
July 2013, 96 wineries and 305 commercial vineyards spanning more than 1200 acres were 
recorded as operational in the state of Iowa (White 2013). These figures position the state as 14th 
nationally in the number of wineries in the United States (Fisher 2013). French American hybrid 
grapes, private breeder selections and releases from the University of Minnesota and Cornell 
University continue to be the predominant grapes grown, as V. vinifera species are susceptible to 
winter injury below -18 ˚C (Amerine and Singleton 1977). The demand for native Iowa wine has 
increased fairly steadily since 2002 (Tordsen 2013). Supply has grown at a rate to meet if not 
often exceeding demand (Figure 2).  A 2008 study conducted by MKF Research LLC, reported a 
conservative estimate of the economic impact of the Iowa wineries and vineyards at 234.3 
million dollars (MKF Research 2008a). Challenges facing the industry included adequate 
infrastructure, experience and expertise in business planning and management, a trained and 
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available workforce as well as the challenging climate and disease problems (MKF Research 
2008a).  
 
Figure 2 Native Iowa wine supply versus demand of sales including inventory  
adjustments in gallons from 2002 to 2013. Reproduced from Tordsen (2013).   
 
La Crescent Cultivar History, Culture, and Characteristics 
 The La Crescent grape has gained popularity among winemakers in the region quite 
quickly in its young life; the grape has been commercially available for just over 10 years (Tuck 
and Gartner 2013a). The cultivar is a product of the University of Minnesota’s grape breeding 
program, which focuses on breeding high quality wine grapes that are both resistant to disease 
and hardy enough to withstand the cold winter temperatures of the upper Midwest and Northeast 
(University of Minnesota Grapes 2012a). Formerly known as MN 1166 during testing, the La 
Crescent grape was first produced in 1988, selected in 1992 and introduced commercially in 
2002 (Smiley 2008a). It is considered an interspecific hybrid containing 45 percent V. vinifera, 
28 percent V. riparia and small percentages of V. rupestris, V. labrusca and V. aestivalis (Smiley 
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2008a). The grape was produced as a cross of two selections of grapes, St. Pepin and ES 6-8-25, 
from the private breeding program of Elmer Swenson (University of Minnesota Grapes 2012b). 
In the complicated species history of the La Crescent grape, Muscat Hamburg and the French 
hybrid Seyval Blanc are included (University of Minnesota Grapes 2012b).   
 In the vineyard, La Crescent grapes have excellent cold hardiness (withstanding 
temperatures as low -38˚C) (University of Minnesota Grapes 2012b). However, the vines have 
been described as somewhat difficult to grow due poor fruit set, the need for intensive canopy 
management, issues with rot and mildew, and shelling berries (Smiley 2008a, Cook 2013). Bud 
break has been determined as early in the season with ripening occurring mid-season (late 
September) in Minnesota (University of Minnesota Grapes 2012b) and late August to early 
September in Iowa. Yields during testing years were considered moderate to high depending on 
the training system implemented (University of Minnesota Grapes 2012b). Harvest parameters 
for the grapes include high sugar and acid contents, in the range of mid-twenties for Brix and 
mid-teens for titratable acidity (Smiley 2008a, University of Minnesota Grapes 2012b).   
 In an attempt to classify characteristics of wine made from La Crescent grapes, it has 
been compared to several well-known varieties including Riesling, Moscato, Grüner-Veltiner, 
and Sauvignon blanc depending on the style in which the wine is produced (Cook 2013, Smiley 
2008a, University of Minnesota Grapes 2012c). Due to the chemistry of the grapes, it has been 
recommended to finish the wine in an off-dry or sweeter style, potentially as a late harvest or 
dessert wine (Smiley 2008a, University of Minnesota Grapes 2012c). 
 La Crescent wine has been described as having intense apricot, peach, citrus, and 
pineapple varietal flavors during initial experimental trials of the cultivar (University of 
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Minnesota Grapes 2012c).  However, no published descriptive analysis (DA) studies describing 
the aromatic and/or flavor profile of La Crescent wine have been reported. 
 
Winemaking Techniques that Influence Grape Characteristics 
 The aromatic or fragrant qualities are aspects of a wine that make it unique and most 
enjoyable (Jackson 2009). The aromas in wine are categorized as primary and secondary 
(Peynaud 1984). Primary aromas are fruity in nature and are grape-derived (Peynaud 1984, 
Jackson 2009). Secondary aromas arise from the fermentation of juice into wine (Peynaud 
1984).Wines of specific variety are expected to have certain characteristics (Amerine and 
Singleton 1977). These varietal aromas are often characterized as specific attributes and can arise 
from a given compound or group of compounds present in the grape (Jackson 2009). These 
distinctive aromas can be hard to consistently produce because the clone, grape growing 
practices and the winemaking techniques and skills of the vintner can have an effect on the 
outcome (Jackson 2009).  Secondary or fermentation aromas come from esters of alcohol and 
higher alcohols and a number of volatile compounds, giving wines fruity and vinous character 
(Amerine and Singleton 1977, Boulton et al. 1999).  A winemaker must have an understanding 
of the grape varietal and use the proper processing techniques to yield a wine that displays the 
varietal character of the grape.  
 There are many techniques used to influence the style and character of a wine, 
particularly pertaining to the retention of aromatic compounds. It is required first and foremost 
that the fruit is of high quality, with no rot, and harvested at optimum parameters of acidity and 
sugar content with maximal flavor. The main factors affecting the flavors of the juice of aromatic 
white wine grapes are pH, enzyme preparations and temperature (Boulton et al. 1999). The pH is 
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an important quality parameter to consider in winemaking, suggested range for juice to produce 
white wines is 3.2 - 3.4 (Dharmadhikari and Wilker 2001). A low pH reduces the potential of 
microbial contamination and also enhances color stability. Enzyme action is very beneficial in 
juice treatment prior to fermentation. From a production standpoint, enzymes increase free-run 
juice yield during clarification by aiding in the breakdown of grape solids (Jackson 2009). This 
also increases retention of fruity character (Jackson 2009). This is accomplished by enzymes 
releasing non-volatile glycosides to free forms, which possess the highly volatile aromatics 
(Boulton et al. 1999).  
 Temperature of fermentation is a high priority when producing aromatic white wines. It is 
directly related to the retention of grape-based primary aromas (Boulton et al. 1999). The 
fermentation temperature recommended by Amerine and Singleton (1977) is between 10-15.6 
˚C. Fermentation aromas produced in clarified juices by Saccharomyces cerevisiae strains 
require temperatures no greater than 20˚C (Boulton et al. 1999). An additional requirement of the 
bottled wines is cold storage. This is vital to retain the ester compounds that will hydrolyze at 
high temperatures (Boulton et al. 1999). There are many commercial yeast strains that are suited 
to specific types, styles and even cultivars of wines. However, the yeast contribution to aroma 
profile is thought to be negligible except in aromatic white wines when temperatures during 
fermentation and storage are kept low (not exceeding 20 ˚C) and wines are protected from 
oxidation (Boulton et al. 1999). The esters, namely hexyl acetate (green apple), ethyl caproate 
(fruity, apple, pineapple) and isoamyl acetate (banana) produce pleasant secondary fermentation 
aromas (Boulton et al. 1999). Oxygen management is essential to retention of aromatics in white 
wines, as volatiles will dissipate. Wines will oxidize, turn brown and spoil; smelling of acetic 
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acid and ethyl acetate (vinegar and fingernail polish remover, respectively), if not stored in the 
absence of oxygen.  
 
Factors Affecting Wine Balance 
 Balance in a wine is defined by Jackson (2008) as “the perceptive equilibrium of all 
olfactory and sapid sensations, where individual perceptions do not dominate.” The sugar and 
acid balance plays a major role in the overall quality of white wines. Acidity contributes greatly 
to the stability of a wine (Boulton et al. 1999). The predominant acids are tartaric and malic; the 
sugars are glucose and fructose. Malic acid, the sourest tasting acid (Jackson 2009), has been 
found to exceed tartaric acid levels in many of the cold-hardy and hybrid grapes including La 
Crescent (University of Minnesota Grapes 2012b). Tartaric acid is generally the most 
predominant acid in wine grapes of the V. vinifera species (Boulton et al. 1999). In a wine, sugar 
and acid are considered to have a taste-taste relationship where one can mask the other (Simons 
and Noble 2003). Sugars have the ability to diminish the harshness of acidity in wine (Jackson 
2009) and thus can be useful to balance high acid wines. Sweetness and fruitiness associations 
however, have been found to be coincidental; the mind’s instinct is to expect sweetness when 
strong fruit character is present (Jackson 2009). 
 Sugars and acids should be in balance and furthermore, alcohol content has been shown 
to affect wine’s sensory profile. In a recent sensory study on Cabernet Sauvignon wines and 
blends, low alcohol wines (12.4-13.8 percent) were found generally to be fruitier and sweeter 
than high alcohol wines (Hjelmeland et al. 2013). When the concentration of alcohol is below 14 
percent, it can diminish the acidity as well as enhance the sweetness (Jackson 2009).  
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Chemical Methods to Characterize Wine Aroma Profiles 
 Instrumental analysis of grape juice and wine has been employed to measure organic 
acids, sugars and alcohols as well as to detect volatile compounds responsible for aromas. High 
performance liquid chromatography (HPLC) has been useful to measure sugars, acids, and 
alcohol using an ion-exchange column and refractive index and ultra-violet (UV) detection 
(Lopez and Gomez 1996, Castellari et al. 2000). Gas chromatography-mass spectrometry (GC-
MS) has been used widely to identify odor compounds in wines, often in conjunction with 
various volatile extraction techniques, to evaluate volatile compounds in wines (Dziadas and 
Jelen 2009, Cabredo-Pinillos et al. 2004, Ferreira and De Pinho 2003). Compounds can be 
detected, characterized and quantified using this technology (Villamor and Ross 2013).  
Extraction techniques used to acquire the volatiles in wine research include stir bar sorptive 
extraction (Mansfield et al. 2011), solid-phase microextraction (SPME) (Dziadas and Jelen 2009, 
Cabredo-Pinillos et al. 2004, Cadwallader et al. 2004, Ferreira and De Pinho 2003) and 
headspace solid-phase microextraction (HS-SPME) (Dreyer et al. 2013, Hjelmeland et al. 2013, 
Howard et al. 2005) .  
 Gas chromatography with olfactometry (GC-MS-O) provides a way to integrate 
instrumental analysis with sensory analysis. GC-MS-O offers the ability to compile a list of 
aroma compounds and their possible importance via the sniff port data (Villamor and Ross 
2013). This is useful because the most abundant compounds are not always the most relevant to 
aromas detected by the human nose. For example, a compound present at a low concentration 
may have a low threshold, making it an important odor compound. Some of the studies using 
GC-MS-O include: aromas of aged Vidal blanc wines (Chisholm et al. 1995), Spanish red wines 
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(Cullere et al. 2004), Chardonel (Cadwallader et al. 2004), and Frontenac (Mansfield et al. 
2011).        
 Several studies on the aromatic profile of various wines have included DA coupled with 
instrumental analysis of volatiles (Chisholm et al. 1995, Dreyer et al. 2013, Hjelmeland et al. 
2013, Mansfield and Vickers 2009). For the well-known V. vinifera species, Cabernet 
Sauvignon, many research studies have been conducted concerning the chemical and sensory 
profile of the varietal as described by Hjelmeland et al. (2013). There has been major emphasis 
in wine research to investigate and understand the compounds responsible for the varietal 
character in wines.   
 
Sensory Evaluation of Wine 
 Wine is an exceedingly complex beverage, containing an estimated several hundred 
volatile compounds (Dziadas and Jelen 2009, Marais 1983). The compounds may arise from the 
grape itself, through the process of crushing and enzyme action, through fermentation, and over 
the period of maturation (Marais 1983). In the greater sense, there are a collection of factors 
contributing to the vast number of wine types and styles: climate, grape variety, stage of ripeness 
at harvest, winemaking techniques, and storage methods (Peynaud 1984). Thus, sensory 
evaluation methods have been applied to study characteristics in wine related to these factors.  
 Sensory evaluation has become a popular research tool in the food and beverage 
industries and is defined by the Institute of Food Technologists as “A scientific discipline used to 
evoke, measure, analyze and interpret reactions to those characteristics of foods and materials as 
they are perceived by the senses of sight, smell, taste, touch and hearing.” (Lawless and 
Heymann 1998). Changes in product formulation may produce desirable or undesirable changes 
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in the final product and must be assessed, analyzed, then interpreted in a meaningful way. 
According to Lesschaeve (2007), the use of sensory evaluation in the wine industry has increased 
over the last 30 years, in part due to the emphasis placed on it by researchers such as Dr. Ann 
Noble of the University of California, Davis.  
 Understanding the general overview of the mechanism of the sense of smell provides 
insight into determining evaluation techniques. The human olfactory system is highly sensitive 
and considered a remarkable phenomenon by Lawless and Heymann (1998), possessing the 
ability to detect odors at levels more sensitive than instrumental and chemical analyses. The 
olfactory system contains several million highly ciliated nerve cell receptors in the upper parts of 
the nasal passageway that are repeatedly regenerated (Lawless and Heymann 1998, Jackson 
2008). Volatile compounds reach these receptors in one of two ways, sniffing through the 
nostrils (orthonasal) or through the back of the throat when tasting a sample (retronasal) (Jackson 
2008). The volatile compound(s) are recognized by the receptors, which have the ability to 
respond to an array of different compounds, between the air and mucosal lining containing the 
receptors (Lawless and Heymann 1998). Receptors send information to be organized and edited 
by the portion of the brain called the olfactory bulb (Jackson 2008, Lawless and Heymann 1998). 
The olfactory bulb then sends the information along to further portions of the brain to perceive 
the aromas and flavors (Jackson 2008). The predominant portion of a ‘flavor’ is sensed as 
volatile compounds that are smelled (Lawless and Heymann 1998). Due to the two modes, it is 
common practice to both smell and taste a wine for aromas and flavors-by-mouth when 
investigating the aroma profile of a wine.   
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Industry Methods  
 Sensory evaluation has been used in the wine industry, especially in large-scale 
production when reproducible products are desired (Jackson 2009); although, Zoecklein et al. 
(1999) reported the methods have been under-utilized. It does not always translate well for wine 
due to the agronomic variations from year to year and because of the artistic expression used by 
winemakers honing their craft. Each vintage is different and it may not be the intent of the 
winemaker to have the same end result for every wine.  
 Evaluation of wines for quality purposes has been managed by the winemaker per 
industry tradition (Lesschaeve 2007). Wineries have used a small number of individuals who 
were highly trained to pick up differences in wines; generally these are experienced winemakers, 
wine judges or wine writers who are deemed experts (Lesschaeve 2007). It was determined that 
relying too much on a few experts does not lend itself to statistical evaluation and increases the 
possibility of missing important features (Zoecklein et al.1999). Researchers have since 
encouraged training on and use of sensory evaluation techniques in the winery setting 
(Lesschaeve 2007). Situations that may benefit from the use of sensory evaluation in the wine 
industry may include but are not limited to: assessment of new cultivars, differences in yeast 
strains, pressure applied during pressing or change in supplier for ingredient/additive. (Zoecklein 
et al. 1999).  Though sensory evaluation practices are well-suited for wine, they have only really 
been implemented in large operations that can afford to complete evaluations internally or hire 
outside the company (Lesschaeve 2007). 
 Throughout the winemaking process, tastings are held as standard procedure (Lesschaeve 
2007).  It is an integral part of crafting a wine and an important control point, in conjunction with 
chemical testing, to determine processing steps and techniques to be applied. Tastings are used in 
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blending trials for winemaking staff to formulate the plan for the final product. It is also 
commonplace for tastings to be held for customers in winery tasting rooms and retail shops and 
by distributors for their potential clients. Lesschaeve (2007) has recommended that employees of 
wineries be proficient in sensory evaluation techniques or consult with trained sensory evaluation 
specialists.  
 
Research Methods 
 The sensory evaluation method used depends on the investigative question. The Institute 
of Food Technologists divides testing methods into two groups, affective and analytical 
(Zoecklein et al 1999). Affective methods are used to test large numbers of untrained consumers 
in their acceptability of a given product, often using hedonic scales or preference tests 
(Meilgaard et al. 2007). Analytical methods use experienced or trained panelists to complete 
discrimination testing and DA. These analytical methods are among the most commonly used in 
the wine industry, often in an academic setting to research wine types, styles and processing 
treatment effects.  
 Discrimination tests are useful when a company wishes to know whether or not two 
products are perceived as different by a panel (Lawless and Heymann 1998). Some of the most 
well-known discrimination tests are paired comparison, triangle tests, and duo-trio. These tests 
require an experienced panel with familiarity to the product and a pool of 20-40 individuals 
(Meilgaard et al. 2007).  
 Descriptively assessing wine can be accomplished using modified methods of Tragon 
Corporation’s quantitative descriptive analysis (QDA®), time-intensity descriptive analysis and 
free-choice profiling among others. Analyzing wine by DA is useful to define attributes and 
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quantify the intensities in a given product. Much attention is required for selection of panelists, 
training and the language used (Stone and Sidel 1993). Per DA protocol, panelists use their 
senses as the instrumental tool. In an effort to reduce variability, they must be very well trained 
to produce consistent and reproducible results (Zoecklein et al. 1999). The time-intensity method 
measures the intensity of a sensation over a period of time to track an attribute in a product. This 
has been studied for bitterness in beer by several researchers as described by Meilgaard et al. 
(2007). Noble (1995) described the time-intensity procedure as useful in comparing not only 
sensory properties but also the means of evaluation and differences in panelists, noting salivary 
flow as an example. Free-choice profiling uses a multivariate statistical method called procrustes 
analysis to analyze the unlimited terms generated by untrained panelists; the method reduces the 
number of terms by combining those that fit in the same category (Meilgaard et al. 2007). These 
methods are often used by researchers in a modified manner, in instances when the method is 
trademarked, if they are not trained or in consultation with the trademarked company. 
Many researchers have employed the aforementioned sensory evaluation techniques to 
investigate characteristics of wines, most notably DA. Several hybrid and cold-hardy grape 
wines have been studied by DA including: Blanc De Bois (Dreyer et al. 2013), Frontenac 
(Mansfield and Vickers 2009), Chardonel (Mirarefi et al. 2004), Vidal Blanc (Chisholm et al. 
1995), and Seyval Blanc (Andrews et al. 1990). Regionally specific wines have also been studied 
by DA including:  Gual, Verdello and Listan from the Canary Islands (Afonso et al. 1998), 
Spanish white wines of Macabeo, Xarel.lo and Parrellada from Penedés (De La Presa-Owens and 
Noble 1995), Semillon from the Hunter Valley region of Australia (Blackman and Saliba 2009), 
New Zealand Sauvignon blanc (Lund et al. 2009), Niagara Peninsula Cabernet franc (Rezaei and 
Reynolds 2010) and Burgundy Pinot noir (Aubry et al. 1998). Other DA studies conducted 
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include the varieties of Albariño (Vilanova et al. 2008) and Cabernet Sauvignon (Hjelmeland et 
al. 2013). Investigating the aromatic profile of wines of various varieties and regions is important 
to the disciplines of enology and viticulture, and DA is an essential research tool. 
 
Statistical Analysis of Data 
 Processing sensory evaluation data into meaningful results requires statistical analysis. 
The procedures performed are based on the design of the experiment and questions to be 
answered. Analysis of variance (ANOVA) is the most common test employed to analyze DA 
data (Lawless and Heymann 1998). In DA of wine sensory data, models can be fixed, mixed or a 
combination of both to fit the application (Carlucci and Monteleone 2001). Fixed models are 
recommended to assess differences among panelists while mixed models are useful in assessing 
product differences (Carlucci and Monteleone 2001). In combination with a multiple 
comparisons procedure, researchers are able to determine which treatments/samples differ 
significantly on a given attribute (Meilgaard et al. 2007).  
 Multivariate analysis provides another way to look at sensory data and can be used to 
gain understanding of the product-attribute matrix (Lawless and Heymann 1998). While there are 
many choices in analyzing data, correlation analysis, discriminant analysis, and principal 
component analysis (PCA) are reoccurring procedures found in the literature concerning wine 
DA. Correlation is one of the most basic multivariate tests; it finds linear relationships between 
variables and assigns correlation coefficients between -1 and 1 (Meilgaard et al. 2007). 
Correlation analysis can be used as a first step in determining subsequent other methods to 
analyze sensory data. Discriminant analysis is useful when groups exist within the data, and can 
represent separation of means graphically (Lawless and Heymann 1998). PCA is the most 
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frequently used multivariate procedure in sensory analysis (Borgognone et al. 2000). It reduces 
the set of variables by placing them in new uncorrelated dimensions (Lawless and Heymann 
1998). The procedure aims to remove redundant terms by creating principal components which 
each account for a percentage of the variance (Lawless and Heymann 1998). Generally, the first 
and second components will account for the majority of the variance and are displayed as a two-
dimensional graph that groups the variables (Meilgaard et al. 2007).  
 
Methods to Train Sensory Panelists in Descriptive Analysis of Wine 
 The level of confidence placed in a DA sensory evaluation panel is dependent on the 
acuity of the panelists and amount of time and quality of training provided (Zoecklein et al. 
1999).  DA training is very time-consuming; it is recommended that between 40 to 120 hours be 
spent depending on the product of interest (Meilgaard et al. 2007). Meilgaard et al. (2007) 
indicated that wine, beer and coffee require a great deal more time for training than some other 
products such as a breakfast cereal because of the complex matrix of aromas, flavors and balance 
of beverages. Due to the cost and time commitment required for researchers and panelists, it is 
difficult for training to meet the recommended time suggestions. First, interested individuals with 
knowledge and some experience with the product are screened to choose a 10-12 member group 
(Stone and Sidel 1993). Training uses a facilitator to preside over the sessions without being an 
active participant (Meilgaard et al. 2007). Wines that possess the characteristics in the testing set 
can be used for generating discussion and attributes, and often the Wine Aroma Wheel (Noble et 
al. 1987) is used as an aid (Zoecklein et al. 1999). The panelists are trained to describe the 
product in sensory terms, and work further to reduce the number of attributes to a set of agreed 
upon, non-redundant terms that accurately describe the product.  
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 During training, panelists are also introduced to and decide upon reference standards 
(Lawless and Heymann 1998). These standards are a useful in training panelists on the aroma 
components to be identified from the complex matrix of a wine’s aroma. Having the reference 
standards available during the evaluation sessions aids their judgment. Reference standards are 
used in training as one sample or several samples (varying in concentration) for each attribute, to 
describe the attribute itself as well as to assist in anchoring the concentration of that attribute to 
the scale (Meilgaard et al. 2007). Reference standards are prepared by the sensory panel 
facilitator using reference sample guidelines from others (Noble et al. 1987), or their own 
documented formulations with input from panelists during training. Line scales are frequently 
used for scoring the intensities of the attributes; typically they are unobstructed 15-cm scales 
(Lawless and Heymann 1998). The reference standards generally serve as the right end of the 
line scale, which is equal to the strongest intensity of the attribute while the left end is the least 
intense. Panelists practice using the line scales and are trained to use the scales in the same way 
to reduce variability.  
 The environment and procedures concerning evaluation of samples are equally as 
important to training the sensory panel. Generally, panelists are located in sensory booths with 
instructions about sampling, expectorating and mouth-rinsing between samples (Lawless and 
Heymann 1998). Accommodations for proper lighting and minimized distraction of noises and 
odors require prior planning by the sensory specialist. Samples are presented in a systematic 
fashion with coded labeling to avoid bias. Depending on the attributes being evaluated, special 
glassware may also be used. Panelists are asked to smell all reference samples prior to evaluation 
samples and are directed to refer back to them as needed throughout the session. To increase the 
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validity of panelists and the strength of statistical analysis, replicate tastings of an evaluation 
sample are recommended.  
 
Consumer Perceptions and Behaviors 
 Amerine and Singleton (1977) stated the most important purpose of a wine is to give 
pleasure, which involves the composition of the wine and the consumer’s attitude and 
experience. Consumer behavior related to purchasing products for consumption has many layers, 
including intrinsic properties, overall acceptability and the environment in which the customer 
consumes a product (Simons and Noble 2003). One of the intrinsic factors found to be of utmost 
importance in perceived wine quality is the aroma (Villamor and Ross 2013). Many factors 
including cost, label, brand, familiarity, color, acceptability, past experience, recommendations 
from others, etc. (Simons and Noble 2003) can also influence behaviors. People choose wine for 
various reasons: to appreciate its qualities, enhance food or social situations, for celebrations, as 
a standard beverage, or as a symbol of status or cultural heritage (Jackson 2009). Lesschaeve 
(2007) commented on a 2003 wine label study by Thomas and Pickering, that consumers in New 
Zealand looked to winery, brand, and then opinions of experts and awarded medals and honors, 
when purchasing wines. As the consumer becomes better acquainted with wines, preferences 
may adapt to enjoy wines with greater complexities (Amerine and Singleton 1977). In the new 
wine regions of the Midwest, especially Iowa, a desire for locally grown and produced products 
also seems to be a driving force (Pirog 2000).  
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Recent Literature on White Wine Pertaining to La Crescent Wine 
 The scientific literature regarding grapevines with contributing lineage to La Crescent is 
scarce, although the available information is useful in postulating about the aromatic profile of 
La Crescent wine. The parentage of the La Crescent grape includes the St. Pepin grape and a 
private breeder selection from Elmer Swenson (University of Minnesota Grapes 2012b). 
Breeding trials at the University of Minnesota denote St. Pepin as a very fruity style wine 
comparable to German style wines (Smiley 2008b). The lineage of St. Pepin involves the French-
American hybrid Seyval blanc (Smiley 2008b). A study of Missouri Seyval blanc by Andrews et 
al. (1990) found some of the Seyval blanc wines contained fruitiness similar to the reference 
standard prepared with a mixture of apple, apricot and peach. The private breeder selection 
lineage of the La Crescent grape contains Muscat Hamburg, a V. vinifera species (University of 
Minnesota Grapes 2012b), thus similarities to the sensory profile of Muscat varieties are 
possible. Since the LaCrescent grape is approximately 45 percent V. vinifera parentage and has 
been compared to the aromatic wines Moscato, Riesling, Sauvignon blanc, etc., profiles of some 
of these more well-known and comparable varietals are described in the following paragraphs.   
 Muscat wines are known for having fruity and floral aromas coming from their terpene 
constituents (Marais 1983, Fenoll et al. 2008), collectively termed as ‘Muscat’ aromas 
(Tominaga et al. 2000). The most common terpenes found in Muscat varieties are linalool, nerol, 
geraniol, α-terpinol and citronellol (Fenoll et al. 2008; Mateo and Jimenez 2000), which all 
contribute to strong floral (rose and violet) and fruity aromas. Volatile thiol compounds 
contribute to the aroma profile of Sauvignon blanc wines and may be responsible for passion 
fruit and grapefruit aromas (Tominaga et al. 2000) in Rieslings and box tree (boxwood) character 
in Muscat varieties.  
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 In a study of 52 Sauvignon blanc wines from 6 countries, researchers used correlation to 
show that concentrations of thiols could be used to predict the tropical aroma in the wines (Lund 
et al. 2009). The compound 3-mercaptohexyl acetate (3MHA) was most highly correlated to 
tropical aroma and relatively highly correlated to sweet, sweaty, passion fruit, passion fruit 
skin/stalk, and stone fruit. Passion fruit skin/stalk was the most highly correlated to the 
compound 3-mercaptohexan-1-ol (3MH) (Lund et al. 2009). Aromatic thiol compounds have 
also been described to have grapefruit/citrus aromas in Sauvignon blanc wines (Lund et al. 
2009). It is possible that these compounds may also exist in La Crescent wines, lending to 
tropical and citrus aromas. Future work concerning thiols may be of interest to researchers 
studying La Crescent wine aroma profiles. The study also determined that wine from the 
Marlborough region of New Zealand were distinctive as compared to the wines from other 
countries (Lund et al. 2009). This regional typicity was also evident to Parr et al. (2007) when 
wine-tasting professionals found Sauvignon blanc wines of the same region distinctive. In 
describing a Sauvignon blanc with good varietal definition, aromatic notes of passion fruit, 
citrus, tropical and stone fruit terms were used as ‘fruity’ and grassy, green capsicum and 
herbaceous were ‘green’ terms as well as boxwood (Parr et al. 2007). The idea of regional 
typicity may come into play as the industry in Iowa and throughout the Midwest matures. 
Specific wine varietals and styles may come to be expected from certain locations. 
 In work by Skinkis et al. (2008), it was noted that research is needed to determine the 
compounds responsible for aromas in hybrid cultivars to assist with vineyard practices. The 
Traminette hybrid grape was found to have similar compounds (monoterpenes and 
norisoprenoids) to Riesling and Gewurztraminer, in varying proportions when studied by the 
researchers. It was determined that Traminette and Gewurztraminer may be characterized by the 
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monoterpene constituents and Riesling by norisoprenoids (Skinkis et al. 2008). Jackson (2009) 
reported that Rieslings contain lower concentrations of the compounds present in Muscat 
varieties. These findings may be important in future research pertaining to compounds in La 
Crescent wine, as it has been suggested as similar to aromatic white wines such as Muscat 
varieties and Riesling (University of Minnesota 2012, Cook 2013).  
 
Rationale for Research about La Crescent Grapes and Wine 
 La Crescent grapevines have the ability to survive extremely low winter temperatures and 
to produce wines with citrus and fruity aromas (University of Minnesota Grapes 2012b, 
University of Minnesota Grapes 2012c). Subsequent research, to expand on these findings from 
the experimental grape breeding trials, is needed as no published research to determine the 
aromatic profile of La Crescent wine has been undertaken. Although La Crescent has gained 
popularity recently (Tuck and Gartner 2013a), it is a fairly new addition to vineyards in the 
Midwest, specifically in Iowa. Thus, availability and consistency of commercial La Crescent 
wines is currently lacking. In addition, of the commercial options available, many are produced 
in a sweet style to accommodate the preferences of consumers. Research-scale production lots of 
La Crescent wine would be beneficial in showcasing the potential of the variety to produce high-
quality aromatic white wines.  
 The grape and wine industry in Iowa has expanded greatly in the past 10 to 15 years and 
has supported research in wine production and efforts to expand expertise in grape-growing and 
winemaking (Iowa Wine Growers Association 2009). There is also support for promotion of a 
regional wine(s) that could secure a niche in the vast wine market (Iowa Wine Growers 
Association 2009). In a recent text, Jackson (2008) wrote “the hybrid cultivars could give 
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regional wines a distinctiveness that European cultivars cannot”. It is recognized that this 
industry is new and different than the European and other prestigious V. vinifera growing regions 
of the world. However, there is potential for distinctive and regionally specific wines to find a 
market. Research endeavors and practical application of the findings will greatly aid progress of 
the Midwestern wine industry. 
 
Hypothesis 
 It is hypothesized that wines made from Iowa-grown La Crescent grapes have a distinct 
set of fruity and floral characteristics that can be used to describe them. It is likely that the 
characteristics are similar to its lineage containing V. vinifera. 
 
Research Objectives 
 Marais (1983) stated that typical expectations of a wine grape cultivar come from 
compounds found specific in the varietal that are unaffected during the fermentation process and 
from compounds formed from occurring precursor compounds through fermentation (Marais 
1983). Well-known varietal wines of the V. vinifera variety, such as Sauvignon blanc (Lund et 
al. 2009; Marais 1994), Pinot noir (Aubry et al. 1998), and Cabernet Sauvignon (Hjelmeland et 
al. 2013) among others, have widely acknowledged sets of characteristics. To propel the cold-
hardy grape and wine industry toward signature grape and wine styles, characteristics need to be 
studied and documented for these grape varietals. More specifically, the recent hybrid releases 
from the University of Minnesota grape breeding program including La Crescent, Frontenac, 
Marquette and Frontenac Gris. Research has been conducted on Frontenac wines (Mansfield and 
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Vickers 2009, Mansfield et al. 2011) however, no published scientific study has evaluated the 
sensory aspects of wine made from La Crescent grapes. 
 The main objectives of this study were to: 
• Produce wine from La Crescent grapes grown in Iowa 
• Train a sensory evaluation panel on white wine aroma and flavor descriptors 
thought to be found in La Crescent wine 
 
• Evaluate research wines to determine a set of descriptors specific to La Crescent 
wine 
 
• Compare research wines to the commercial La Crescent wine made from the same 
fruit and to a commercial Moscato wine 
 
• Compare findings from two vintages of wine made from La Crescent grapes from 
the same vineyard 
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CHAPTER 2. MATERIALS AND METHODS 
Experimental Design 
 The study was conducted over two growing seasons, vintages 2011 and 2012. Juice was 
obtained from a commercial producer and divided into 3 replicated lots to conduct fermentation. 
The wines were analyzed over the course of production and following sensory analysis (Figure 
3). During the spring following each growing season, a sensory evaluation panel was formed to 
evaluate wines from the given vintage. For the remainder of this paper, wines produced and 
evaluated from vintage 2011 will be referred to as ‘year 1’. Wines produced and evaluated from 
vintage 2012 will be referred to as ‘year 2’. 
 The wine for this study was produced to control processing techniques in order to 
maximize and retain the aromatic qualities of the fruit. To that effort, wines were not excessively 
fined or filtered prior to bottling. Chemical analysis of juice and wine as well as instrumental 
analysis was used to track the progress of fermentation. The bottled research wines were 
analyzed to provide evidence that the wines were replicated across the lots.  
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Figure 3 Flowchart of the winemaking process showing points of chemical and sensory analysis. 
 
 The sensory evaluation project was designed to identify attributes expected in La 
Crescent wines. Each fermentation lot (A, B, C) was assessed in an evaluation session. At each 
evaluation session, 4 samples were presented: a non-vintage commercial Moscato, a matching 
vintage commercial La Crescent, an unsweetened research La Crescent, and a sweetened 
research La Crescent (Figure 4). Due to the fact the research wines were largely unfinished 
wines, sensory evaluations were completed on both the unsweetened and sweetened versions in 
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each lot. Sweetness level was determined in bench trials as a concentration suitable to balance 
the acidity but not to not distract from evaluation of aromas and flavors. Due to differing acidity 
in the La Crescent wines in years 1 and 2, sweetened samples were adjusted with sucrose to 
residual sugar levels of approximately 4 percent in year 1, and 3 percent in year 2.  
 
 
Figure 4 Flowchart of the sensory panel evaluation design. 
 
Sensory 
Evaluation 
Sessions 
Session 1  
(Replication 1) 
Commercial 
Moscato 
Commercial       
La Crescent 
Research            
La Crescent(s) 
Unsweetened 
Sweetened 
Session 2 
(Replication 2) 
Commercial 
Moscato 
Commercial        
La Crescent 
Research            
La Crescent(s) 
Unsweetened 
Sweetened 
Session 3 
(Replication 3) 
Commercial 
Moscato 
Commercial        
La Crescent 
Research             
La Crescent(s) 
Unsweetened 
Sweetened 
 
 
27 
 
 The commercial La Crescent wine, made with the same fruit as the research wine, was 
evaluated to provide a comparison of the wine. The commercial producer of La Crescent used a 
different yeast strain for fermentation and other proprietary processing techniques unknown by 
researchers in producing the style of La Crescent preferred by the winemaker. The Moscato wine 
was included as a comparison tool because it has characteristics thought to be similar to those in 
La Crescent. Both the commercial La Crescent and the Moscato wines were used in training 
sessions and were familiar to the panelists. The research wines were not introduced to the 
panelists prior to evaluation sessions.  
 
Production of Grapes and Juice 
Year 1 
 La Crescent grapes were harvested from Meadow Creek Vineyard in Oskaloosa, Iowa on 
August 26, 2011 by the grower. Estimated yield of fruit was 4.6 tons. Grapes yielded 2090 liters 
of juice. Additions of sulfur dioxide and ascorbic acid were made directly to the fruit at the 
vineyard site in bins by the commercial winery and vineyard staff. 
 
Year 2 
 La Crescent grapes were harvested from Meadow Creek Vineyard in Oskaloosa, Iowa on 
August 13, 2012 with the estimated yield of fruit of 2.78 tons. The reduced yield required 
additional 1.8 tons of fruit to be sourced from a grower in Carlisle, Iowa, for a total yield of 4.58 
tons.  
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Climate 
 To assist in explaining variations in the fruit over the two growing seasons, weather data 
was collected from the nearest weather station to the commercial vineyard site, the Oskaloosa 
Municipal Airport. Data and graphical information was accessed from the Iowa Environmental 
Mesonet (IEM) website (IEM 2013). 
 
Winemaking 
Year 1 
 Prior to receiving the juice for the study, additions of pectic enzyme (Scottzyme Pec5L; 
Scott Labs, Petaluma, CA) for ease of pressing and to increase juice yield and fining agents 
(Gelocolle and Laffort GECOLL SUPRA; Scott Labs, Petaluma, CA) were made at the 
commercial winery. Juice was cold-settled four days at 7.2˚C and racked off the settled solids to 
obtain clean juice. The settled and racked La Crescent juice was obtained and ready for yeast 
inoculation August 30, 2011.  
 Three gallon portions of juice were divided into three, 5-gallon carboys (Lots A, B and 
C). Yeast Saccharomyces cerevisiae (Vitilevure 58W3; Lallemand Inc., Petaluma, CA) was 
chosen due to its ability to  produce aromatic white wines with the fruity and floral aromas likely 
to be present in the La Crescent grape variety. Yeast rehydration nutrient (Go-Ferm; Lallemand 
Inc., Petaluma, CA) was prepared at a concentration of 0.32 g/L in 300mL of 43˚C water. The 
mixture was allowed to cool to 40˚C, and then yeast was added at the rate of 0.26 g/L to start the 
rehydration process. After 20 minutes, an equal part juice (16˚C) was added to yeast mixture and 
allowed to sit. This process was repeated until the yeast mixture temperature dropped to within 
10˚C of the juice temperature, in order to prevent cold shock of the yeast. When the yeast/juice 
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mixture reached the proper temperature range it was divided into equal parts and added to each 
the 3 carboys of juice and mixed thoroughly. The carboys were then placed in a cooler with a set 
temperature of 15.5˚C to ferment. On Day 5 of fermentation, 50 mg/L Diammonium Phosphate 
(Enartis Vinquiry, Windsor, CA) was added to each lot. Brix by hydrometer and temperature 
were measured daily to monitor fermentation progress. Two consecutive days of hydrometer 
readings at or below -1.0 Brix indicated completion of fermentation. Analysis of sugars, acids 
and ethanol was performed by HPLC to track changes throughout fermentation as well as to 
confirm completion of fermentation. Following fermentation, temperature of the cooler was 
reduced to 7 ˚C and wine settled for 1 week. Wine was racked off of the yeast lees and sulfur 
dioxide (SO2), as potassium metabisulfite (Presque Isle Wine Cellars, North East, PA) was added 
at a rate of 50 mg/L to each carboy. A second racking took place 3 weeks post-settling. At that 
time, fining agent additions (Bentonite and hot mix Sparkalloid; Presque Isle Wine Cellars, 
North East, PA) were made at rates of 150 mg/L and 264 mg/L, respectively. Temperature in the 
cooler was further reduced to 0˚C and wine was allowed to settle for 1 month until bottling. SO2 
was checked bi-weekly. Prior to bottling in November 2011, wines were racked off of settled 
solids a final time and SO2 was measured and determined sufficient for bottling. Bottled wines 
were stored at 13˚C until sensory evaluation in April of 2012.  
 
Year 2 
 Fruit was treated in the same manner by the contributing commercial grower as in year 1 
with the following changes. After harvest, fruit was cold-soaked overnight at 7˚C. To minimize 
oxidation and protect overripe fruit, tannins (Scottzyme Cinn-Free, and Scott’Tan FT Blanc; 
Scott Labs, Petaluma, CA) were added. Fining agents (Gelocolle and Inocolle; Scott Labs, 
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Petaluma, CA) were used to aid in juice settling.  The racked La Crescent juice was obtained and 
ready for yeast inoculation August 21, 2012.  
 In year 2, fermentation was completed using the same methods from year 1. Departures 
from the previously described methods are as follows. Diammonium Phosphate was added to 
each lot on day 3 of fermentation. At completion of fermentation, cooler temperature was 
reduced to 2˚C to allow for settling. At the first racking of wine off of yeast lees, a tartaric acid 
adjustment of 3 g/L was made to reduce the pH of the wine. An SO2 addition of 30 mg/L was 
also added to each carboy. Subsequent SO2 additions were made weekly following the first 
racking at concentrations of 45 mg/L and 15 mg/L, respectively. Prior to bottling in November 
2012, wines were racked a final time and an SO2 addition of 15 mg/L was made. Bottled wines 
were stored at 13˚C until sensory evaluation in April of 2013. 
 
Analysis of Fermentation and Wines 
 Agilent 1200 series HPLC was used to analyze organic acids, sugars, and ethanol during 
fermentation for years 1 and 2 with assistance from technicians at the Midwest Grape and Wine 
Industry Institute. Also, all evaluation wines were analyzed following sensory evaluation by the 
panel.  The HPLC method for both years of fermentation and year 1 evaluation samples was 
developed at the Midwest Grape and Wine Industry Institute, Iowa State University. It was 
adapted from work by Lopez and Gomez (1996) and Castellari et al. (2000). Samples of juice 
and wine were filtered through 0.45 µm nylon syringe filters in preparation for analysis. The 
HPLC was fitted with two HPX-87H columns (Bio-Rad Labs, Richmond, CA) in series equipped 
with a cation H guard column (Lopez and Gomez 1996). The parameters included a 35 minute 
run, flow rate of 0.500 mL/min and temperature of 65.0oC. The mobile phase contained 0.045 N 
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sulfuric acid with 6 percent acetonitrile (Castellari et al. 2000). Acids were quantified using a 
diode array detector (DAD). Glucose and fructose (residual sugars) and ethanol were quantified 
on a refractive index detector (RID).  Wine evaluation samples from year 2 and composite juice 
samples (held at -4.4 ˚C until time of analysis) were analyzed at the Midwest Grape and Wine 
Industry Institute by HPLC. A similar method (Walker et al. 2003) was utilized. Most notably, 
changes were made to mobile phase and flow rate to achieve better separation of compounds. In 
addition to HPLC analysis, chemical analysis was performed by bench-top methods: hydrogen 
ion concentration (pH) by electrode, titratable acidity (TA) represented as tartaric acid by 
titration to pH endpoint of 8.2, volatile acidity (VA) by cash still and titration, and free sulfur 
dioxide (FSO2) and total sulfur dioxide (TSO2) by aeration oxidation and titration using methods 
adapted from Iland et al. (2004) and Zoecklein et al. (1999).   
 
Descriptive Sensory Analysis 
Panelists 
 Prior to recruitment of panelists, the study was approved by the Iowa State University 
Institutional Review Board (IRB) in November 2011 and re-approval was granted November 
2012. Two sensory evaluation panels for DA of the wines were selected and trained in years 1 
and 2. Each panel was composed of 11 members: 8 females and 3 males, 21 to 55 years of age. 
Two of the female panelists participated in both years. Panelists were selected from email list 
serves from the Food Science and Human Nutrition and Horticulture Departments at Iowa State 
University. Final panel selection was determined by interest and availability. A questionnaire 
revealed that all panel members consumed wine an average of at least twice per month, were 
able to generate descriptive terms, and were receptive to trying new wines. Panelists received 
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rewards of food at the end of each session and were compensated five dollars per completed 
session. 
 
Training 
 Panelist training and wine evaluation took place over a period of 10 weeks, from 
February to April each year. Training consisted of seven, one-hour sessions held weekly 
followed by three, one-hour evaluation sessions. The DA technique (Meilgaard et al. 2007) was 
used in training panelists to describe and evaluate samples for this research. Several of the 
participants had not been trained on DA procedures prior to participation. During the first 
training session of each panel year, an overview of the DA was discussed, consent forms were 
signed (Appendix A) and exercises to examine sensory evaluation abilities were carried out. 
Demonstrations were performed to exhibit techniques for wine sensory evaluation; steps are as 
follows: 1) smell the wine, 2) swirl covered wine glass containing the sample, 3) bring the glass 
to the nose and take a deep breath through the nose to smell the wine again, noting all orthonasal 
odors, 4) taste a small sample of 6-10 mL and draw air into the mouth to enhance retronasal 
aromas, 5) expectorate the sample, 6) take a break and repeat if necessary, and 7) before moving 
to the next sample, rinse mouth with water and cleanse palate with cracker if desired.  
 In Year 1 panelists were asked to evaluate aromas (orthonasal odor) separately from 
flavors (retronasal odor, taste and mouth-feel) using the same set of attributes. For year 2, 
panelists recorded a combined response for aroma (orthonasal and retronasal perception). In both 
years, sweetness and acidity ratings were also evaluated. 
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Year 1 
 Session 1 consisted of a set of exercises in which panelists ranked samples in two 
different flights for order of increasing sweetness and increasing acidity, respectively. Ranking 
exercises were followed by term generation using a commercially available La Crescent wine. 
Sessions 2 and 3 were used to evaluate wines using white wine aroma descriptors generated from 
the first session as well as descriptors chosen by the researchers. Time was also spent on term 
generation using additional commercial La Crescent wines as well as V. vinifera wines (Moscato 
and Torrontes), which provided examples of other  aromatic and fruity wines.  
 In sessions 4 through 6, participants ranked intensities of aromas and flavors of 
commercial La Crescents wines and a Moscato wine on 15-cm line scales to become familiar 
with using line scales for intensity rating. Following session 4, the descriptors rated most intense 
were selected to reduce the attribute list from 10 to 6. The aroma standards included apricot, 
grapefruit, lychee, melon, pineapple, and rose (Table 1). The same list was used to evaluate 
flavors; no reference standards were provided for flavors. Tartaric acid and sucrose were used in 
preparing sweetness and acidity standards. Reference standards were based on suggestions by 
Noble et al. (1987), adjusted with input from panelists during training.  Standards were available 
during all sessions. The order for evaluation of attributes was discussed; panelists determined 
that attributes listed in alphabetical order was appropriate.  
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Table 1 Year 1 sensory attribute terms and standards preparation. 
Attribute Reference in 50 mL of winea 
Apricot 30 mL nectar (Kern’s, Santa Ana, CA) 
Grapefruit 10 mL fresh squeezed juice, 0.03 g zest 
Lychee 6 mL juice from canned Lychee (Lotus, Commerce, CA) 
Melon 2 cubes of fresh cantaloupe melon (not in wine) 
Pineapple 10 mL fresh juice, soak 1 small piece of fruit  
Rose 0.34 mL rosewater (Heritage Store, Virginia Beach, VA) 
Sweetnessb 1.7 g sucrose  (C&H, Crockett, CA) 
Acidityc 0.15 g tartaric acid (Pacific Coast Chemicals, Berkeley, CA) 
aCarlo Rossi (Modesto, CA) Chablis.  
bApproximate residual sugars, 5 percent. 
cApproximate titratable acidity, 9g/L. 
  
 Training session 7 was held in the Department of Food Science and Human Nutrition’s 
Sensory Evaluation Unit (Human Nutritional Sciences Building, Iowa State University) as a 
practice session for panelists to become familiar with the sensory booths, computer software and 
the sensory evaluation procedures. References were available to panelists as they practiced rating 
intensities of 3 commercial La Crescent wines and 1 Moscato wine. The research La Crescent 
wines and the commercial La Crescent and Moscato wines were evaluated in sessions 8, 9 and 
10.  
 
Year 2 
 Session 1 included discrimination exercises using triangle tests with dilutions as well as a 
descriptive analysis activity to generate terms using a Moscato wine. Sessions 2 and 3 were 
reserved for term generation and training on white wine aroma descriptors as well as the use of 
line scales. An orthonasal and retronasal perception as a combined response was used for rating 
attribute aroma intensities. Panelists were asked to make a single mark on the attribute line after 
smelling and tasting the sample. The most common attributes named from session 1 were 
prepared as reference standards for lychee, peach, pineapple and rose, using Noble et al. (1987) 
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as a guide. These standards were used to evaluate a Moscato wine and a selection of commercial 
La Crescent wines. Panelists discussed the standards presented and added citrus terms of 
grapefruit, orange and lemon.  
 Sessions 4 and 5 introduced sweetness and acidity standards in the base wine to help 
panelists differentiate aroma and flavor in wines from sweetness and acidity of the wines. After 
much discussion of terms and tasting 3 more commercial La Crescent wines, 7 attributes were 
decided upon and the level of sweetness and acidity most useful to the panelists were set (Table 
2). The order of attribute evaluation was discussed with the panel and it was decided that 
attributes listed in alphabetical order was appropriate.  
 
Table 2 Year 2 sensory attribute terms and standards preparation. 
Attribute Reference in 50 mL winea  
Grapefruit 10 mL fresh squeezed juice, 0.03 g zest 
Lemon 10 mL fresh squeezed juice, 0.03 g zest 
Orange 10 mL fresh squeezed juice, 0.03 g zest 
Lychee 6 mL juice from canned Lychee (Lotus, Commerce, CA) 
Peach 30 mL nectar (Looza, Zaventem, BE) 
Pineapple 8 mL fresh juice 
Rose 0.34 mL rosewater (Heritage Store, Virginia Beach, VA) 
Sweetnessb 3 g sucrose (C&H, Crockett, CA) 
Acidityc 0.15 g tartaric acid (Pacific Coast Chemicals, Berkeley, CA) 
aCarlo Rossi (Modesto, CA) Chablis.  
bApproximate residual sugars, 8 percent. 
cApproximate titratable acidity, 9 g/L. 
  
 Session 6 was used to help reduce variability between panelists scores for given 
attributes. Moscato wine was used as the sample. Each panelist rated all 7 attributes and 
sweetness and acidity. Then as a group, each attribute was discussed and drawn on the marker 
board for panelists to observe the spread. Consensus as to where the intensities should fit on the 
line was determined. Session 7 was held in the sensory booths as a practice session for panelists 
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to become familiar with the computer software and the evaluation procedures. References were 
available and panelists practiced rating 3 Commercial La Crescent wines and 1 Moscato wine. 
The research wines and the commercial La Crescent and Moscato wines were evaluated during 
Sessions 8, 9 and 10.  Session 11 served as an evaluation make-up for session 2 (1 panelist) and 
session 3 (3 panelists) absences. 
 
Evaluations  
 Evaluations were carried out in the same manner for both years of the study. Sessions 
were completed at the Department of Food Science and Human Nutrition’s Sensory Evaluation 
Center (Human Nutritional Sciences Building, Iowa State University) in sensory booths 
equipped with laptops loaded with Compusense five software (versions 5.0 and 5.4; Compusense 
Inc., Guelph, Ontario). Panelists were provided a complete set of reference standards for aromas 
and instructed to smell all standards before and as needed during the evaluation sessions. In each 
booth, water and unsalted crackers were provided as palate cleansers as well as sweetness and 
acidity references. Four wine samples were served at each evaluation session: 1 research La 
Crescent, 1 research La Crescent sweetened, 1 commercial La Crescent, and 1 commercial 
Moscato. The commercial wines and the research La Crescent wines were served directly from 
the bottle, while the research La Crescent sweetened was sweetened with sucrose (C&H, 
Crockett, CA) to approximately 4 percent and 3 percent in years 1 and 2, respectively. 
 Panelists were instructed to rate the intensity of each attribute on 15-cm line scales for 
aroma and flavor by mouth separately in year 1 and as a combined response of orthonasal and 
retronasal perception for aroma in year 2. An ‘other’ attribute category was available for 
panelists to rate any additional characteristics they noted. Line scales were generated by the 
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software (Compusense Inc., Guelph, Ontario, CA), panelists clicked on the line to choose the 
intensity rating before moving to the next attribute.  
 Samples were presented in 30-mL aliquots in 350 mL tulip-shaped glasses (style 480/00; 
Riedel, Kufstein, AT) covered with a petri dish (Fisherbrand, Waltham, MA). Wines were served 
at room temperature, under white light, one sample at a time. Panelists were not required to 
remove the sample before asking for the next. All samples were presented in a completely 
randomized design with randomly selected three-digit blinding codes. Randomized order, coding 
and data tabulation were generated by Compusense five software (versions 5.0 and 5.4 were used 
in years 1 and 2, respectively; Compusense Inc., Guelph, Ontario). Examples of scorecards for 
intensity ratings are available (Appendix B1-B3). 
 
Statistical Analysis 
 Statistical analysis of sensory evaluation data was performed using a MIXED model to 
run analysis of variance (ANOVA) (SAS software, version 9.3; SAS Institute, Cary, NC) for 
each attribute. Parameters included wine as the fixed effect, replicate and panelist as random 
effects (Appendix C). The Tukey-Kramer adjustment was used on the least squares means for 
multiple pairwise comparisons of intensity ratings of attributes between wines at a significance 
level of α = 0.05. Principle component analysis was performed using the average of panelists’ 
replicate scores for each attribute for all wines (XLSTAT software, version 2013.6.02; 
Addinsoft, New York, NY). 
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CHAPTER 3. RESULTS AND DISSCUSSION 
Production of Grapes and Juice 
 The growing degree day (GDD) system is widely used in viticulture to aid in pairing 
growing regions with grape varieties (Jackson 2008). Measuring GDD is useful in comparing 
growing seasons because it measures the average accumulation of heat over the growing season 
(Washington State University 2013). GDD were totaled at 3390 and 3543 for the growing season 
of April through October for years 1 and 2, respectively (IEM 2013). Figure 5 is a reproduced 
graph (IEM 2013) showing GDD with a base of 50˚F (A) and  precipitation totals at the nearest 
site available (Oskaloosa, IA, municipal airport) to where the majority of grapes used for this 
study were grown (B). Year 1 (2011) is depicted in red, year 2 (2012) in blue and the 
climatology average in black. Year 2 was above average in GDD for the entire growing season 
ranging from just above average in April to as many as 250 GDD above average in August. Year 
1 remained near or below average for heat accumulation. It is expected that the acid content, 
especially the malic acid, in grapes drop as sugars increasingly accumulate when temperatures 
are high (Jackson 2008). Thus, temperature is an important factor in the grape growing season. 
Precipitation totals were above average in year 1 and fell below average for year 2. This weather 
data indicates that year 1 was closer to an average year in terms of heat accumulation and 
precipitation while year 2 was hotter and drier than average.  
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Figure 5 Comparison of (A) growing degree days (GDD) and (B) precipitation totals from April 
through October for year 1 (2011), year 2 (2012) and the climatology average. Data collected at 
Oskaloosa Municipal airport, site Oskaloosa IA6327. Reproduced with permission from IEM 
(2013). 
 
Fruit Quality 
 In year 1, the La Crescent grapes were in good condition overall, appearing bright 
yellow/green in color. The La Crescent fruit in year 2 appeared to have sunburn damage and 
overripe character. The crop yield of year 2 was reduced due to spring frost damage and was 
comprised of mainly secondary fruit. To ripen the secondary fruit, the grapes remained on the 
vines longer and in turn produced some herbaceous aromas and lack of fruity character in the 
juice. The juice appeared a brownish hue, indicative of overripe character and oxidation. The 
differences in observed quality of La Crescent juice in years 1 and 2 may be attributed to climate 
conditions as well as the addition of fruit sourced from another vineyard in year 2. 
 
 
40 
 
Winemaking 
 Prior to fermentation in year 1, bench-top chemical analysis of juice (Table 3), yielded 
results similar to that previously reported in La Crescent grapes (University of Minnesota Grapes 
2012b, Smiley 2008a), i.e., high sugar content along with high acid concentration. In year 2, a 
higher pH was observed while acidity was lower than in year 1. Sugar content, measured by 
degrees Brix, remained similar for both years. Increased pH and lower acidity in year 2 is most 
likely due to the hot and dry climatic conditions of the 2012 season. The need for the commercial 
winery to supplement with fruit sourced from another vineyard site in year 2 is also a likely 
factor. Post-fermentation year 2 included an adjustment of the acidity to bring the concentration 
closer to that of year 1, and to reduce the pH.  
 
Table 3 La Crescent grape juice chemistrya. 
 Year 1 Year 2 
pH 3.19 3.40 
˚Brix 22.9 23.1 
TA (g/L) 13.50 9.81 
aAverage of triplicate measurements.  
 
 Fermentation was tracked daily (Dharmadhikari and Wilker 2001) in both years, by 
monitoring degrees Brix, temperature, and evaluation of fermentation aromas (Table 4). Results 
of all temperature and Brix measurements throughout fermentation are available (Appendix D1-
D2). Fermentation aroma notes identified by the researcher included peach throughout 
fermentation for both years and citrus during the middle and end of fermentation as well as floral 
and tropical notes throughout. Temperature during fermentation was maintained in a range of 14-
18 ˚C. Temperature control is important in retaining the aromatics of a fruit-forward style white 
wine and should not exceed 20˚C (Boulton et al. 1999).  Brix measurement was used as a 
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qualitative tool in tracking fermentation and is common practice in the winery setting. HPLC 
analysis of residual sugars (glucose and fructose) was employed to confirm that fermentation 
reached completion.  
 
Table 4 La Crescent wine fermentation monitoringa. 
Year Fermentation Day ˚Brix Temperature (˚C) Fermentation Aromas 
1 
1 23.3 14 apricot, banana, fruity, peach 
9 2.2 16 apricot, citrus, floral, peach, pineapple 
17  -1.0 13 citrus, peach, pear 
2 
1 22.8 13 apple, juice-like, peach, pear, yeasty 
11 4.8 15 citrus, floral, peach, pineapple 
24 -1.4 17 peach, citrus, pineapple, tropical 
aDays presented are beginning, middle, and end of fermentation, results are averages of 3 lots, 
aroma noted as recorded by the researcher. 
 
 Duration of fermentation was 17 days in year 1 and 24 days in year 2. Residual sugars 
(glucose and fructose), ethanol, and acetic acid concentration of the La Crescent juice and wines 
for both years are summarized (Table 5). The initial sugar content in the fruit was very similar; in 
turn, concentration of alcohol produced was similar.  Another important piece of information 
pertaining to quality of the fruit was gained from HPLC analysis of the juice. A comparison of 
concentrations of acetic acid and ethanol in the juice shows formation of both acetic acid and 
ethanol in year 2. This indicated that fermentation had begun prior to addition of commercial 
yeast. 
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Table 5 Properties of fermentation from La Crescent juice to wine, measured by HPLC. 
 Year 1 Year 2 
 Juicea Wineb Juicea Wineb 
Acetic Acid (g/L)    0.00 ± 0.00  0.42 ± 0.08    0.13 ± 0.02   0.53 ± 0.02 
Glucose (g/L) 101.34 ± 0.04  0.00 ± 0.00 101.39 ± 0.03   0.05 ± 0.02 
Fructose (g/L) 103.67 ± 0.06  2.17 ± 0.38 105.62 ± 0.03   2.27 ± 0.47 
Ethanol (% v/v)    0.02 ± 0.04 12.90 ± 0.16    0.39 ± 0.07 13.87 ± 0.06 
aJuice analyzed as one composite sample, average of triplicate measures with standard 
deviations. 
bWine analyzed on final day of fermentation, the average of 3 lots with standard deviations.  
 
 Bottled wines were also analyzed after sensory evaluation sessions by HPLC and bench-
top methods to determine that appropriate sucrose additions (for sweetened samples) were made 
and to check for bottle variation (Table 6). Results of all replicates for research wines are 
available (Appendix E1-E2).  In analysis of the bottled wines, sugars (glucose and fructose) are 
represented as percent residual sugars, as that gives more meaning than the concentration of the 
sugars individually. Wine quality measures of volatile acidity (VA) and sulfur dioxide (SO2) 
were within acceptable limits for wines in both years (Dharmadhikari and Wilker 2001). VA was 
under 0.7 g/L, the concentration at which VA can become unpleasantly noticeable (Jackson 
2009). Additionally, it was well below the federally regulated limit of 1.2 g/L for white wine 
(Labeling and Advertising of Wine 2013). Free sulfur dioxide (FSO2) was comparable to the 
suggested concentration based on pH (Dharmadhikari and Wilker 2001) for protection against 
oxidation and spoilage, and total sulfur dioxide (TSO2) was well under the federally regulated 
limit of 350 mg/L (Labeling and Advertising of Wine 2013).  Regarding the sucrose additions 
to research La Crescent sweetened samples, analysis showed standard deviations at or below the 
perceived sweetness threshold of 0.2 percent (Jackson 2009), indicating that sweetness 
adjustments to research La Crescent sweetend wines across the lots were made consistently.  
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Table 6 Chemical analysis of bottled evaluation wines, years 1 and 2a. 
  Year 1 Year 2 
 
Research 
La Crescent 
Research 
La Crescent 
Sweetened 
Research 
La Crescent 
Research 
La Crescent 
Sweetened 
Tartaric Acid (g/L)b 1.64 ± 0.02 1.62 ± 0.01 2.23 ± 0.05 2.24 ± 0.05 
Malic Acid (g/L)b 8.77 ± 0.03 8.33 ±0.03 4.69 ± 0.48 4.78 ± 0.13 
Acetic Acid (g/L)b 0.28 ± 0.12 0.27 ± 0.16 0.47 ± 0.02 0.45 ± 0.09 
Ethanol (% v/v)b 12.6 ± 0.60 12.5 ± 0.40 13.98 ± 0.58 13.96 ± 0.44 
Residual Sugars (%)b 0.20 ± 0.05 3.78 ± 0.21 0.38 ± 0.06 2.84 ± 0.07 
pHc 3.44 ± 0.03 3.42 ± 0.02 3.24 ± 0.05 3.27 ± 0.03 
Titratable Acidity (g/L)c 12.70 ± 0.55 12.23 ±0.10 9.23 ± 0.27 9.22 ± 0.37 
Volatile Acidity (g/L)c 0.47 ± 0.04 0.45 ± 0.03 0.60 ± 0.03 0.61 ± 0.02 
Free Sulfur Dioxide (mg/L)c 43.07 ± 2.34 39.87 ± 1.32 25.70 ± 1.43 23.47 ± 1.14 
Total Sulfur Dioxide (mg/L)c 87.33 ± 3.35 80.07 ± 3.53 49.43 ± 6.57 47.30 ± 3.89 
aAverage of evaluation bottle replicates with standard deviations for all evaluation sessions. 
bMeasured by HPLC. 
cMeasured by bench-top methods. 
 
 Chemical analysis of the non-vintage commercial Moscato and the commercial La 
Crescent wines (years 1 and 2) were reported (Appendix E3). Both the commercial La Crescent 
wine and the commercial Moscato wine were sweet wines (greater than 5 percent residual 
sugars). Generally, the commercial La Crescent wines (years 1 and 2) were higher in alcohol and 
residual sugars content than the commercial Moscato wine.  Titratable acidity (TA) of the 
commercial La Crescent wine in year 1 was approximately 4 g/L higher than the Moscato wine; 
however in year 2, they were both near 7 g/L.  
 
Sensory Evaluation 
Panel Performance 
 Sources of variation measured in the MIXED statistical analysis ANOVA model included 
wine, panelist and replicate (Appendix F1-F2). Panelists were a significant source of variation 
for all attributes for both years. This likely can be attributed to how panelists used the intensity 
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line scale differently (Rezaei and Reynolds 2010, Mirarefi et al. 2004). Wine was a significant 
source of variation for 10 of 14 attributes in year 1, and 5 of 9 attributes in year 2. Replication 
was not a significant source of error for attributes with the exception of apricot flavor in year 1. 
  
Year 1 
 The aromas evaluated included apricot, grapefruit, lychee, melon, pineapple, and rose. 
The same data was used in Figure 6 and Table 7; the figure provides a visual representation and 
the table describes the statistical results.  The highest intensity ratings, regardless of wine, 
occurred in the aroma attributes of grapefruit, rose, lychee and pineapple (Figure 6). The 
difference between wines in rose and grapefruit aromas is apparent (Figure 6). In apricot and 
melon aromas respectively, wines were rated similarly.  
 
 
Figure 6 Average intensity ratings (11 panelists, 3 replicates for each wine) of year 1 aroma 
attributes, measured on a 15-cm line scale, for evaluated wines. 
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 There were no significant differences between wines for the tropical fruit aromas of 
lychee, melon and pineapple, or for apricot aroma (Table 7). Significant differences were 
identified in wines for grapefruit and rose aromas (Table 7). The research wines had more 
grapefruit aroma than the Moscato wine, while the commercial La Crescent was not different 
from the research wines or the Moscato wine. There was more rose aroma in the Moscato wine 
than the commercial La Crescent and the sweetened research La Crescent wines.  Floral aromas, 
such as rose, are found in Muscat varieties due to terpene compounds (Fenoll et al. 2008, 
Ribereau-Gayon et al. 1975, and Marais 1983). It has been suggested that some of the same 
terpene compounds may be in La Crescent wines.   
 Aromas rated most intense in the research La Crescent wines were grapefruit and 
pineapple (Table 7). Rose and lychee were also important aromas in the unsweetened research 
wine; lychee and apricot aromas were important in sweetened research wine. In the commercial 
La Crescent wine, grapefruit and pineapple were rated the most intense aromas, followed by 
apricot and lychee. Thus, grapefruit, pineapple and lychee aromas were among the highest 
intensity ratings for all 3 La Crescent wines, indicating that these aromas are characteristic of La 
Crescent wines. Aromas rated most intense in the Moscato wine were rose, lychee and then 
pineapple. Generally, melon aroma intensities in all wines were rated the lowest. Some panelists 
utilized the ‘other’ aroma attribute category (not shown) however, comments were not consistent 
in reference to specific attribute(s). 
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Table 7 Aroma attribute intensity ratings of evaluated wines, year 1a. 
 Wine  Apricot Grapefruit Lychee Melon Pineapple Rose 
Commercial Moscato 4.47 ab 3.82 b 6.24 a 3.81 a 4.92 a 6.63 a 
Commercial La Crescent 4.49 a 5.53 ab 4.06 a 3.31 a 4.89 a 3.40 b 
Research La Crescent 3.67 a 6.45 a 4.48 a 4.11 a 5.58 a 4.98 ab 
Research La Crescent 
Sweetened 4.13 a
 6.50 a 5.32 a 3.67 a 5.71 a 4.00 b 
aMean sensory scores measured on 15-cm line scales by 11 panelists, 3 replicates for each wine.  
bMeans in a column sharing the same letter are not significantly different from each other 
(p<0.05); LS means comparison using Tukey-Kramer. 
 
 The same set of attributes was evaluated for flavors (Figure 7). The highest intensity 
ratings, regardless of wine, occurred in grapefruit, apricot and pineapple flavors in the wines. 
Figure 7 displays two fairly distinct groupings of the flavor attributes; the research wines and 
commercial wines. The commercial wines scored higher in apricot, lychee, pineapple, melon and 
rose flavors while the research wines were scored higher in grapefruit flavor.  
 
 
Figure 7 Average intensity ratings (measured on 15-cm line scales by 11 panelists, 3 replicates 
for each wine) of year 1 flavor attributes for evaluated wines. 
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 There were significant differences between wines in the flavor attributes of apricot, 
grapefruit, lychee, pineapple and rose (Table 8).  Grapefruit flavor was more intense in the 
research wines than in the commercial wines. This is similar to the aroma data, i.e., the research 
La Crescent wines had intense grapefruit aroma. Lychee and apricot flavors were more intense in 
the commercial La Crescent and Moscato wines than in the research wines. Pineapple flavor was 
significantly more intense in the commercial La Crescent wine compared to the unsweetened 
research La Crescent, but was similar among all other comparisons.  
 Significant differences were found among wines for rose flavor, however the intensity 
ratings were less than 3 on the 15-cm scale. The unsweetened research La Crescent wine had less 
intense rose flavor than the Moscato wine and commercial La Crescent wine. The sweetened 
research La Crescent had similar rose flavor to the commercial La Crescent and the unsweetened 
La Crescent wines. Rose is a fragrance descriptor but was chosen as a flavor attribute by the 
panelists and may have been difficult to assess. Melon was not significantly different between 
wines for flavor. Scores for melon were rated low on the intensity scale, similar to the results for 
aromas. Melon aromas and flavors seem to be too subtle to pick up in the matrix of the wine or it 
may not be an important attribute in describing La Crescent wines. The ‘other’ flavor attribute 
category (not shown) was used by some panelists but comments were not consistent in reference 
to specific attribute(s). 
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Table 8 Flavor attribute intensity ratings of evaluated wines, year 1a.  
 Wine Apricot Grapefruit Lychee Melon Pineapple Rose 
Commercial Moscato 6.18 ab 4.64 a 5.12 a 3.14 a 4.76 ab 2.85 a 
Commercial La Crescent  6.56 a 3.94 b 4.49 a 2.88 a 6.36 a 2.23 ab 
Research La Crescent 1.79 b 9.48 a 1.83 b 1.76 a 3.73 b 0.95 c 
Research La Crescent 
Sweetened 2.78 b 8.66 a 2.20 b 2.02 a
 4.57 ab 1.55 bc 
aMean sensory scores measured on 15-cm line scales by 11 panelists, 3 replicates for each wine.  
bMeans in a column sharing the same letter are not significantly different from each other 
(p<0.05); LS means comparison using Tukey-Kramer.  
 
 The commercial wines were significantly sweeter than the research wines (Figure 8). The 
sweetened research La Crescent was significantly sweeter than the unsweetened version. The 
wines perceived as sweetest were also perceived as the least acidic. Sensory panelists’ intensity 
ratings for sweetness and acidity in the wines matched the order of the concentrations found in 
the chemical analysis of residual sugars and TA (Table 9). The acidity in the commercial La 
Crescent was masked by the high level of sweetness, and although residual sugar concentrations 
were greater than 4 percent apart in the commercial wines, they were not statistically different. 
Similarly, the TA concentrations in the commercial wines were over 3.5 g/L apart but were not 
statistically different. In the case of the La Crescent research wines, TA values were similar in 
concentration however, panelists found the acidity to be different in the unsweetened and 
sweetened wines. These finding indicate the relationship sweetness and acidity have in masking 
one another (Simons and Noble 2003).  
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Figure 8 Average sweetness and acidity ratings of year 1 wines (measured on 15-cm line scales 
by 11 panelists, 3 replicates for each wine). Column sections of the same color with the same 
letter are not significantly different from each other (p<0.05); LS means comparison using 
Tukey-Kramer. 
 
Table 9 Comparison of residual sugars and titratable acidity of evaluated wines, year 1a. 
Wine Residual Sugars (%)b Titratable Acidity (g/L)b 
Commercial Moscato   8.31 ± 0.01   7.17 ± 0.01 
Commercial La Crescent 12.80 ± 0.01 11.03 ± 0.04 
Research La Crescent   0.20 ± 0.05 12.70 ± 0.55 
Research La Crescent Sweetened   3.78 ± 0.21 12.23 ± 0.10 
aPresented as average of replicates with standard deviations. 
bResidual sugars measured by HPLC.  
cTitratable acidity measured by titration to pH endpoint of 8.2. 
 
 To assess associations between aroma and flavor attributes graphically, PCA was 
conducted (Figure 9). The first two components (F1 and F2) explained 59.4 percent of the 
variability; however, a large amount of the variability was not accounted for. Component 1 
loaded acidity, grapefruit aroma and flavor, pineapple aroma and flavor the most positively. 
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Component 2 contained all variables in the positive direction, with acidity falling on the 
horizontal axis. Acidity grouped with grapefruit aroma and flavor, while sweetness grouped with 
apricot and lychee flavors. The PCA biplot (Figure 10) depicts the locations of the wines 
evaluated in relation to the aroma and flavor attributes. The commercial wines grouped near to 
sweetness and the research La Crescent wines near acidity. The PCA showed that sweetness and 
acidity were the main attributes separating component 1. 
 
 
Figure 9 PCA load plot (F1 and F2) of panelists’ attribute intensities (averaged over replicates) 
for year 1 evaluation samples. Aroma attributes shown in lower case, flavor attributes in upper 
case. 
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Figure 10 PCA factor biplot (F1 and F2) of panelists’ attribute intensities (averaged over 
replicates) for year 1 with location of evaluated wines. Aroma attributes shown in lower case, 
flavor attributes in upper case. 
 
 Other researchers have explored the possibility that flavor intensities may be influenced 
by sweetness and acidity perceptions. Tastes can have an effect on intensities of perceived 
aromas particularly when the pairing is reasonable, as in the example of sweet and fruity (Noble 
1996). Saenz-Navajas et al. (2012) found that aroma perceptions carried significant weight in 
sweetness perception. In this study, sweet fruit attributes such as apricot, pineapple and lychee 
were rated as more intense for wines that were also scored as sweeter. For grapefruit, a citrus 
fruit not known for being sweet, intensities were high in wines rating higher in acidity. A DA 
study of Chardonel wines reported positive correlations between fruity descriptors of apple and 
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pear with sweet flavor, and positive correlations between grapefruit aftertaste and sour flavor 
(Mirarefi et al. 2004).  
 
Year 2 
 Grapefruit, lemon, lychee, orange, peach, pineapple and rose were evaluated using a 
combined response for aroma (orthonasal and retronasal perception) for each attribute to describe 
wines in year 2. The same data was used in Figure 11 and Table 10; the figure provides a visual 
representation and the table describes the statistical results. The highest intensity ratings, 
regardless of wine, occurred in rose, lychee, peach and grapefruit attributes (Figure 11); the 
difference between wines in lemon and peach aromas is apparent.  
 
 
Figure 11 Average intensity ratings (measured on 15-cm line scales by 11 panelists, 3 replicates 
for each wine) of year 2 aroma attributes for evaluated wines. 
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 There were no differences in grapefruit, lychee, orange, pineapple or rose descriptors 
among the wines (Table 10). Wines were different only in lemon and peach aromas. More lemon 
aroma was found in the unsweetened research La Crescent wine than in the commercial La 
Crescent wine, all other comparisons were similar. The research La Crescent wine had less peach 
aroma than the commercial wines but was similar to the sweetened research wine.  
 In the research La Crescent wines, rose, lychee and grapefruit aromas were rated the most 
intense, respectively (Table 10). The commercial La Crescent wine attributes of highest intensity 
were rose, lychee then peach. Thus, all La Crescent wines rated rose and lychee as the most 
intense aroma attributes, respectively. Rose and lychee were not listed as important in describing 
La Crescent wines in previous vinification trials (University of Minnesota Grapes 2012c). 
Although differences were significant for lemon, the attribute was not scored very high on the 
scale.  The ‘other’ attribute category (not shown) was used very sparingly by some panelists with 
ratings on the very low end of the scale, mostly under 1.0. Comments were not made consistently 
in reference to a specific attribute(s). 
 
Table 10 Attribute intensity ratings of evaluated wines, year 2a. 
 Wine Grapefruit  Lemon Lychee Orange Peach Pineapple Rose 
Commercial 
Moscato 3.09 a
b 1.32 ab 5.59 a 2.42 a 4.12 a 1.39 a 6.46 a 
Commercial  
La Crescent 2.92 a
 0.51 b 5.54 a 2.85 a 4.17 a 1.29 a 7.30 a 
Research  
La Crescent 3.67 a
 2.22 a 4.43 a 2.35 a 2.49 b 0.81 a 6.17 a 
Research  
La Crescent 
Sweetened 
3.86 a 1.42 ab 4.58 a 2.30 a 2.68 ab 0.64 a 6.02 a 
aMean sensory scores measured on 15-cm line scales by 11 panelists, 3 replicates for each wine.  
bMeans in a column sharing the same letter are not significantly different from each other 
(p<0.05); LS means comparison using Tukey-Kramer. 
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The sweetness and acidity perception ratings in year 2 (Figure 12) were the same as year 
1 in terms of significance groupings among the wines. The chemical analysis of residual sugars 
and TA (Table 11) agreed with the panelists’ ratings, i.e., the commercial wines were sweeter 
than the research wines and the sweetened research La Crescent wine was sweeter than the 
unsweetened version. The sweetness of the commercial wines differed by more than 2 percent in 
residual sugar content but the panel found them to be similar. For acidity, the research wines had 
a higher TA than the commercial wines. The TA values for the research wines were very similar 
but determined to be different by the panelists, indicating the sweetness perception was a 
masking influence.   
 
 
Figure 12 Average sweetness and acidity ratings of year 2 wines (measured on 15-cm line scales 
by 11 panelists, 3 replicates for each wine). Column sections of the same color with the same 
letter are not significantly different from each other (p<0.05); LS means comparison using 
Tukey-Kramer. 
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Table 11 Comparison of residual sugars and titratable acidity of evaluated wines, year 2a. 
Wine Residual Sugars (%)b Titratable Acidity (g/L)c 
Commercial Moscato 8.31 ± 0.01 7.17 ± 0.01 
Commercial La Crescent 10.68 ± 0.06 7.06 ± 0.29 
Research La Crescent 0.38 ± 0.06 9.23 ± 0.27 
Research La Crescent Sweetened 2.84 ± 0.07 9.22 ± 0.37 
aPresented as average replicates with standard deviations. 
bResidual sugars measured by HPLC.  
cTitratable acidity measured by titration to pH endpoint of 8.2. 
 
The ability of panelists to discriminate between the citrus fruit attributes may have been 
difficult because they are similar, thus leading to a decreased intensity rating of the citrus 
attributes overall. In year 1, the panelists may have directed any citrus character to the grapefruit 
attribute, leading to the more intense ratings for grapefruit aroma and flavor (Table 7, Table 8). It 
is also possible that the composition of the fruit led to decreased character of citrus character in 
the La Crescent wines in year 2. The results of lemon and peach attributes may be due to a 
relationship of aroma-taste interactions with sweetness and acidity perceptions, similar to results 
from year 1; the research La Crescent wine had more lemon aroma than the commercial La 
Crescent (Table 10) and they were the least sweet and sweetest wines evaluated, respectively 
(Table 11). The commercial wines and sweetened research La Crescent wine were rated more 
intense in peach (Table 10) and were all sweeter than the unsweetened research wine (Table 11).   
 The statistical analysis provided a tool to look at paired comparisons among the evaluated 
wines, which was beneficial in assessing where differences occurred. This is important because a 
number of factors related to the production of wine (climate, region, winemaking techniques, 
etc.) could cause perceivable differences. The primary goal of this research, however, was to 
determine the characteristics of the La Crescent varietal. As a result, there is value in looking at 
the similarities across the La Crescent wines and the comparison of the La Crescent and Moscato 
wines. The research La Crescent wines were characterized by the highest intensity ratings for 
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rose, followed by lychee and grapefruit aromas. The commercial La Crescent was also most 
intense in rose aroma followed by lychee, then peach aromas. These attributes carried through in 
the commercial Moscato wine as well.  Despite differences in production techniques, rose and 
lychee attributes remained the strongest characteristics of year 2 La Crescent wines, regardless of 
the perceived sweetness and acidity.  
 To assess associations between attributes graphically, PCA was conducted (Figure 13). 
The first two components (F1 and F2) explained 63.3 percent of the variability however; a large 
amount of the variability was not accounted for. Component 1 loaded acidity, grapefruit and 
lemon the most positively. Component 2 contained all variables in the positive direction. Lychee, 
peach and pineapple attributes grouped similarly nearest to sweetness. The PCA biplot (Figure 
14) depicts the locations of the wines evaluated in relation to the attributes. The commercial 
wines grouped near to sweetness and the research La Crescent wines nearest to acidity. The PCA 
showed that sweetness and acidity were the main attributes separating component 1.  
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Figure 13 PCA load plot (F1 and F2) of panelists’ attribute intensities  
(averaged over replicates) for year 2 wines.  
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Figure 14 PCA factor biplot (F1 and F2) of panelists’ attribute intensities (averaged over 
replicates) for year 2 with location of evaluated wines. 
 
La Crescent Descriptors and the Wine Aroma Wheel  
 Over the course of 2 vintages, La Crescent wines were made and assessed by trained 
sensory panels to find attributes that characterize the aromatic profile of La Crescent wine. In 
addition to grapefruit, lychee, pineapple and rose from year 1, the year 2 sensory panel 
determined that lemon, orange and peach should be included. Apricot and melon were used in 
year 1 but not chosen as attributes in year 2.  In all, 9 attributes were chosen; 8 of the descriptors 
can be found as 3rd tier terms on the Wine Aroma Wheel (Noble et al. 1987) (Table 12). Orange 
is not listed on the most recent work by Noble et al. (1987), however it was included in the citrus 
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category previously (Noble et al. 1984).  Second tier terms group the descriptors in categories of 
floral, citrus, tree fruit and tropical fruit (Noble et al. 1987).  
 
Table 12 Categorical placement of La Crescent wine  
attributes on the Wine Aroma Wheela.  
 
aWine Aroma Wheel by Noble et al. (1987). 
bTerm included in previous work (Noble et al. 1984).  
 
 In previous vinification trials of La Crescent (University of Minnesota Grapes 2012c), 
apricot, peach and citrus were listed as descriptors. This research has determined that grapefruit, 
pineapple, apricot/peach, rose, and lychee were the most important descriptors to be used in 
describing La Crescent wines produced from Iowa-grown fruit, based on intensity rating of 
descriptors by panelists over the two year study (Table 13).  
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Table 13 La Crescent wine attributes by intensity, years 1 and 2a. 
Wines Year 1 Year 2 Aroma Flavor Aroma 
Commercial La Crescent 
Grapefruit 
Pineapple 
Apricot 
Apricot 
Pineapple 
Lychee 
Rose 
Lychee 
Peach 
Research La Crescents 
Grapefruit 
Pineapple 
Rose/Lycheeb 
Grapefruit 
Pineapple 
Lychee/Apricotb 
Rose 
Lychee 
Grapefruit 
aListed in order of average intensity ratings (top 3) of LS means (11 panelists, 3 replicates).  
bResearch La Crescent wines did not agree in order of 3rd attribute (year 1), listed 
unsweetened/sweetened.  
 
 These results agreed with the vinification trials (University of Minnesota Grapes 2012c) 
but this research was able to specify grapefruit from the more general citrus. Furthermore, the 
floral character of rose and the tropical aroma of lychee are descriptors for La Crescent wines 
that had not been previously reported in trials. Both peach and apricot had been used to describe 
La Crescent from the trials. In this research, panelists in year 2 chose peach aroma instead of was 
apricot by year 2 panelists; peach and apricot have similar aromas and are placed next to each 
other in the tree fruit category of the aroma wheel. Despite training of the panelists, the two may 
have been used interchangeably due to differences in training and experience of panelists. 
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CHAPTER 4. SUMMARY AND CONCLUSIONS 
 La Crescent wines were produced and evaluated for aroma and flavor profile by 
descriptive sensory analysis. The wines showed that the La Crescent grape has potential for 
producing fruit-forward wines with tropical, citrus and floral character. La Crescent could be a 
signature wine for the state of Iowa or the greater cold-climate growing region because of its 
cold tolerance and pleasant aromatic profile. While the two years of sensory data could not be 
combined due to differences in evaluation procedures, valuable results were described. 
Grapefruit, pineapple, apricot/peach, rose, and lychee were important descriptors used to 
characterize the Iowa La Crescent wine in this study. The results expanded on previous trial 
findings, by adding to the list of attributes (lychee, rose) and further specifying others (grapefruit 
from the more general citrus).      
 As hypothesized, the Iowa-grown La Crescent wines contained fruity and floral 
characteristics that were further specified from first and second tier categories (Noble et al. 
1987). They were found to be generally similar to those of the Moscato wine evaluated in the 
study, as there is Muscat parentage in the La Crescent variety. A departure from the Moscato 
wine was found in year 1, where grapefruit aroma and flavor of the research wines exceeded that 
of Moscato.  The grapefruit intensity was not nearly as strong in year 2. Rose and lychee 
remained very important attributes for both years, with pineapple showing a more prominent 
presence in year 1. This research provided the groundwork for future expanded research of La 
Crescent wines made in the state of Iowa and regionally.   
 An important and complex factor adding to the difficulty in assessing the wines was the 
sweetness and acidity perceptions. The varying acid and sweetness perceptions of the wines 
likely contributed to the differences in flavors perceived by panelists. This was much more 
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apparent in year 1 when flavors were rated separately. Differences in the research wines over the 
2 years may be due to vintage differences (including climate), evaluation procedures or 
variations in the panel make- up. 
 The University of Minnesota recommended finishing La Crescent wines in an off-dry or 
sweeter style, potentially as a late harvest or dessert wine (University of Minnesota Grapes 
2012c). This research also indicated that the chemistry of La Crescent grapes make it difficult to 
finish La Crescent wines in a dry style. Without some attempt at reducing the acidity of the juice 
or wine, finishing the wine in an off-dry style to bring out citrus descriptors or a sweet style to 
enhance the tropical and peach/apricot character is recommended.  
 The wine industry as a whole has made great strides in moving from selective small 
groups of ‘experts’ to using scientifically measurable analyses and more descriptive terms. While 
the industry will continue to depend on ratings and scores from wine writers, judges etc., to 
communicate to the general public, there is merit in sensory evaluation training and use of 
sensory experts in the field of enology. It is recommended that those working in the winery 
setting take advantage of opportunities to train themselves and their staff on wine sensory 
descriptors and learn the general characteristics of the wine varieties, types and styles. This 
continued knowledge will broaden sensory experiences and strengthen winemaking and sensory 
skills in the workplace.      
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CHAPTER 5. FUTURE WORK 
 This 2-year study characterized aroma and flavor attributes present in La Crescent wine 
produced in Iowa. This research was foundational in the investigation of the aromatic profile of 
La Crescent wine. Future work should include a broader descriptive study which represents an 
array of commercially available La Crescent wines from Iowa and the greater cold-climate 
region where La Crescent grapes are successfully grown.  
 Techniques of DA using a combined response or a set of aromas and a reduced set of 
flavor descriptors developed in this research could be used. In addition, the use of instrumental 
analysis of wines by GC-MS would be beneficial to determine the compounds present in the 
wines to help further characterize the variety. The use of an olfactory port with GC-MS would 
give the opportunity to overlay olfactory sensory data with chemical data. Further work may 
involve winemaking research trials to detect differences in the aromatic profile of La Crescent 
wine due to yeast strain. Investigation of processing techniques to increase extraction of volatiles 
or to reduce acidity may be other potential areas of interest.   
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APPENDIX A. SENSORY EVALUATION CONSENT FORM 
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APPENDIX A. SENSORY EVALUATION CONSENT FORM, CONTINUED 
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APPENDIX A. SENSORY EVALUATION CONSENT FORM, CONTINUED 
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APPENDIX B1. SENSORY EVALUATION TRAINING BALLOT,  
YEAR 1 - AROMA 
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APPENDIX B2. SENSORY EVALUATION TRAINING BALLOT,  
YEAR 1 - FLAVOR 
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APPENDIX B3. SENSORY EVALUATION TRAINING BALLOT, YEAR 2 
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APPENDIX B3. SENSORY EVALUATION TRAINING BALLOT,  
YEAR 2 CONTINUED 
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APPENDIX C. SAS CODE TEMPLATE 
 SAS 9.3 (Cary, NC) was used to run a MIXED model ANOVA, the Tukey-Kramer 
adjustment was implemented to make pairwise comparisons between wines for each attribute. In 
the MIXED model, wine was the fixed effect while panelist and rep were random effects. The 
template below shows the code used to run the analysis. In bold, wine refers to the title given to 
the raw data file and GRA represents the attribute grapefruit. The six lines of code were repeated 
for each attribute, replacing GRA with the appropriate title given to the attributes as listed in the 
raw data file. 
proc mixed data=wine method=type3; 
class rep panelist wine; 
model GRA = wine / solution; 
random panelist rep; 
lsmeans wine / adjust=Tukey; 
run; 
  
 
 
79 
 
APPENDIX D1. FERMENTATION MONITORING OF LA CRESCENT 
WINES, YEAR 1a  
Fermentation Day ˚Brixb Temperature (˚C) 
1 23.3 ± 0.06 14.7 ± 0.06 
2 22.9 ± 0.17 14.9 ± 0.48 
3 21.7 ± 0.21 15.5 ± 0.58 
4 18.2 ± 0.12 16.8 ± 0.67 
5 13.0 ± 0.40 16.6 ± 0.73 
6 8.9 ± 0.61 16.7 ± 0.61 
7 6.3 ± 0.64 16.4 ± 0.55 
8 4.2 ± 0.38 16.1 ± 0.45 
9 2.2 ± 0.38 16.0 ± 0.42 
10 1.1 ± 0.35 16.1 ± 0.48 
11 0.3 ± 0.26 15.3 ± 0.43 
12 -0.3 ± 0.12 16.1 ± 0.42 
13 -0.6 ± 0.12 15.0 ± 0.45 
14 -0.8 ± 0.12 14.7 ± 0.32 
15 -1.0 ± 0.06 15.5 ± 0.26 
16 -1.0 ± 0.00 14.3 ± 0.43 
17 -1.0 ± 0.06 13.9 ± 0.45 
aResults are presented as average of 3 lots with standard deviations. 
bMeasurements reported as taken from the hydrometer.  
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APPENDIX D2. FERMENTATION MONITORING OF LA CRESCENT 
WINES, YEAR 2a  
Fermentation Day ˚Brixb Temperature (˚C) 
1 22.8 ± 0.09 13.8 ± 0.64 
2 21.4 ± 0.12 14.3 ± 0.74 
3 19.3 ± 0.35 14.7 ± 0.62 
4 16.8 ± 0.46 14.6 ± 0.64 
5 13.8 ± 0.53 14.0 ± 0.12 
6 12.1 ± 0.52 14.2 ± 0.58 
7 10.6 ± 0.75 14.1 ± 0.76 
8 8.9 ± 0.68 14.8 ± 0.70 
9 7.4 ± 0.53 17.8 ± 0.20 
10 5.9 ± 0.59 16.2 ± 0.71 
11 4.8 ± 0.55 15.9 ± 0.70 
12 3.7 ± 0.49 16.2 ± 0.35 
13 2.9 ± 0.55 16.1 ± 0.56 
14 2.3 ± 0.55 15.7 ± 0.20 
15 1.6 ± 0.53 15.8 ± 0.40 
16 0.9 ± 0.47 17.6 ± 0.12 
17 -0.1 ± 0.80 18.1 ± 0.55 
18 -0.2 ± 0.38 17.9 ± 0.45 
19 -1.1 ± 0.32 17.6 ± 0.25 
20 -1.1 ± 0.29 17.6 ± 0.26 
21 -1.3 ± 0.21 17.7 ± 0.31 
22 -1.4 ± 0.12 17.9 ± 0.35 
23 -1.6 ± 0.06 17.8 ± 0.47 
24 -1.6 ± 0.06 18.1 ± 0.36 
aResults are presented as average of 3 lots with standard deviations. 
bMeasurements reported as taken from the hydrometer.  
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APPENDIX E1. CHEMICAL ANALYSIS OF EVALUATION RESEARCH  
LA CRESCENT WINE SAMPLES, YEAR 1a 
  g/L % (v/v) %   g/L mg/L 
 
Tartaric 
Acid 
Malic 
Acid 
Acetic 
Acid Ethanol 
Residual 
Sugars pH TA VA FSO2 TSO2 
Research La Crescent 
Evaluation1 1.64 8.75 0.25 12.0 0.16 3.42 12.53 0.51 44.80 91.20 
Evaluation2 1.66 8.76 0.18 12.6 0.19 3.42 13.31 0.43 44.00 85.60 
Evaluation3 1.62 8.81 0.41 13.2 0.25 3.48 12.26 0.48 40.40 85.20 
AVG 1.64 8.77 0.28 12.60 0.20 3.44 12.70 0.47 43.07 87.33 
SD  0.02 0.03 0.12 0.60 0.05 0.03 0.55 0.04 2.34 3.35 
Research  La Crescent S   
Evaluation1 1.61 8.31 0.12 12.1 3.50 3.41 12.30 0.48 41.6 84.60 
Evaluation2 1.64 8.31 0.19 12.4 4.00 3.45 12.30 0.47 39.6 79.60 
Evaluation3 1.61 8.38 0.49 13.0 3.83 3.41 12.08 0.41 38.4 76.00 
AVG 1.62 8.33 0.27 12.50 3.78 3.42 12.23 0.45 39.87 80.07 
SD  0.01 0.03 0.16 0.40 0.21 0.02 0.10 0.03 1.32 3.53 
   aAverage (AVG) and standard deviation (SD) presented for research La Crescent wines across evaluation lots  
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APPENDIX E2. CHEMICAL ANALYSIS OF EVALUATION RESEARCH  
LA CRESCENT WINE SAMPLES, YEAR 2a 
 
g/L % (v/v) %  g/L mg/L 
Tartaric 
Acid 
Malic 
Acid 
Acetic 
Acid Ethanol 
Residual 
Sugars pH TA VA FSO2 TSO2 
Research La Crescent  
Evaluation1 2.25 4.94 0.47 14.40 0.48 3.18 9.39 0.64 25.68 60.80 
Evaluation2 2.27 4.87 0.50 14.50 0.36 3.28 8.75 0.59 25.20 44.10 
evaluation2 
Make-up 2.21 4.88 0.43 14.30 0.35 3.31 9.38 0.62 24.08 47.52 
Evaluation3 2.25 4.92 0.52 13.30 0.38 3.2 9.23 0.56 28.00 45.72 
evaluation3 
Make-up 2.16 3.82 0.51 13.40 0.35 3.23 9.38 0.59 25.52 48.72 
AVG 2.23 4.69 0.47 13.98 0.38 3.24 9.23 0.60 25.70 49.43 
SD  0.05 0.48 0.02 0.58 0.06 0.05 0.27 0.03 1.43 6.57 
Research La Crescent Sweetened 
Evaluation1 2.29 4.89 0.56 14.30 2.91 3.26 9.83 0.59 23.92 49.52 
Evaluation2 2.29 4.89 0.45 14.30 2.73 3.27 8.92 0.60 21.68 41.6 
Evaluation2 
Make-up 2.22 4.79 0.44 13.30 2.85 3.3 9.03 0.62 23.84 46.24 
Evaluation3 2.19 4.57 0.49 14.20 2.83 3.29 9.3 0.58 24.72 52.00 
evaluation3 
Make-up 2.2 4.74 0.32 13.70 2.86 3.23 9.02 0.64 23.20 47.12 
AVG 2.24 4.78 0.45 13.96 2.84 3.27 9.22 0.61 23.47 47.30 
SD  0.05 0.13 0.09 0.44 0.07 0.03 0.37 0.02 1.14 3.89 
aAverage (AVG) and standard deviation (SD) presented for research La Crescent wines across evaluation lots  
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APPENDIX E3. CHEMICAL ANALYSIS OF EVALUATION 
COMMERCIAL WINES, YEARS 1 and 2a 
  
g/L % (v/v) %   g/L mg/L 
Tartaric 
Acid 
Malic 
Acid 
Acetic 
Acid Ethanol 
Residual 
Sugars pH TA VA FSO2 TSO2 
Commercial La Crescent (year 1) 
AVG 1.67 7.90 0.65 11.83 12.80 3.38 11.03 0.52 3.20 29.60 
SD 0.01 0.06 0.04 0.01 0.01 0.07 0.04 0.00 0.00 4.00 
Commercial La Crescent (year 2) 
AVG 1.10 4.65 0.56 13.40 10.68 3.66 7.06 0.77 28.60 55.13 
SD 0.02 0.04 0.05 0.20 0.06 0.03 0.29 0.05 1.20 2.44 
Commercial Moscato 
AVG 4.16 2.36 0.45 9.94 8.31 3.13 7.17 0.53 22.40 71.20 
SD 0.00 0.01 0.02 0.01 0.01 0.02 0.01 0.00 0.00 10.72 
aResults are averages (AVG) and standard deviation (SD) of replicate measurements (3 for acids, ethanol, residual 
sugars; 2 for pH, TA, VA, FSO2, and TSO2) from 1 bottle of each wine 
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APPENDIX F1. SOURCES OF VARIATION FOR EFFECTS IN MIXED 
STATISTICAL ANALYSIS, YEAR 1a 
Descriptor  Panelist Wine Rep 
apricot aroma ^     
grapefruit aroma ^ ^   
lychee aroma ^     
melon aroma ^     
pineapple aroma ^     
rose aroma ^ ^   
apricot flavor ^ ^ ^ 
grapefruit flavor ^ ^   
lychee flavor ^ ^   
melon flavor ^ ^   
pineapple flavor ^ ^   
rose flavor ^ ^   
sweetness ^ ^   
acidity ^ ^   
aSignificance (p<0.05) indicated by ^. 
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APPENDIX F2. SOURCES OF VARIATION FOR EFFECTS IN MIXED 
STATISTICAL ANALYSIS, YEAR 2a 
Descriptor  Panelist Wine Rep 
grapefruit ^     
lemon ^ ^   
lychee ^     
orange ^     
peach ^ ^   
pineapple ^ ^   
rose ^     
sweetness ^ ^   
acidity ^ ^   
aSignificance (p<0.05) indicated by ^. 
 
 
